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INTRODUCTION 
Optome tric case analysis as taught in the schools o f  op tomet ry 
and performed by c l inicians is , at  least in part, a complicated and 
repetit ive procedure . The ana lytical procedures are only part of the 
d iagnos tic and therapeut ic considerat ions of modern optometry , and are 
some t imes neglected because of the many demands upon a clinician's t ime . 
It i s  the purpose o f  this s tudy to  apply BASIC-language computer 
programming t o  a general purpose  DATA GENERAL NOVA 800 computer to  the 
system of norma tive analysis of op tometric data devised by Professor 
Haro ld Haynes o f  the Pac i f ic University Coll ege o f  Op tome try. The pro­
gram is  des ign ed to request. and accept as input data, the f ind ings 
acquired during a vis ion examina tion of an individual optome tric pat ient. 
After data entry , the program calculates index scores and provides a 
printout to the user. Users having an appropriate accoun t  number and 
pas sword will have the option to s tore the index scores on d isk memory 
for fur ther s ta t i s t ical study , using programs of their own des ign. The 
completed program and the documentation required to facilitate i t s  use 
const itute the scope o f  my the s i s. The t echnique o .f normative analysis 
i s  the work of Professor Hayne s ,  earlie r  workers in the theory o f  opto­
me tric case analysis , and a large numbe r  o f  studen t s  and c l inic ians in 
t he Pacific Un iver sity College of Op tome try. Once the program is  
successfully tes ted , future invest igators and c l inic ians will have the 
oppor tunity ahd responsibil ity of using the program in the ir own efforts 
to  va lidate current and future models of  no rma t ive analys is and for 
application to clinical case analys is of actual patients in the Pac i f ic 
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University Optome tric Clinic. 
The advantages of having a computer program for normative 
analysis include: faster and more accurate analysis for an individual 
case; availabil ity o f  a computer pr intout ror a permanent record o f  the 
anal ysis; an increase in the probability of having the analysis performed; 
decrease in interc linician variability due to dif fering examination 
routines; and the opportunity for convenient s ta tistical p roces sing o f  
multiple pa tient records. 
I t  is hoped that thes e  s everal possible  advantages may lead 
to be t te r  t rain�ng o f  optometry students  exposed t o  this p ro gram as an 
aid in their cour sework . In a br?.ader perspective , i t  is my hope that 
such training will result in bette r  optometric care for the public . 
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NORMATIVE ANALYSIS . 
A modern optometric examinat ion includes a number of sub te s t s  
(forty o r  more) of  refrac t ive s tatus, accommodat ion and conver gence. In 
our d iscuss ion , nvision examina tion" will refer to the Pac i fic University  
Outpatient Vis ion Examinat ion which inc ludes the series  o f  tests  advocated 
by the Optomet ric Extension Pro gram . A maj or premise o f  norma t ive analysis  
is  tha t optome t ric data derived f rom these test s can be used  to  generate 
an appropriate diagno sis  by comparing each item, or  re lat ion be tween test  
items,to the mean or med ian value for such a test  ob tained from an age­
matched populat ion . 
Barish (1975) makes re ference to a multiplicity of inves tiga tors 
who have publ i shed data dealing with norms or expecteds for various tests . 
Two widely-published table s of  norms for the s tandard 21-point analytical 
exam which is advocated by O. E . P .  are tho se of Ha ine s (1941) and Morgan 
(1944). 
Haynes ,(1974) has devised a sys tem of no rma t ive analysis to 
analyze re frac t ive , ac commodative and convergence measurements for an 
ind ividual optome t ric case , based upon norms for the pat ient popula tion 
o f  the Pac i f ic Univer sity Optometric Clinic . Append ix A provides the 
most complete outl ine of the Haynes system of norma t ive analysis avail­
able to this t ime. The ini t ia l  s tep o f  norma t ive analysis consists  of 
computing the d i f fe rence be tween a tes t f inding and the mean or median 
score for that test, and d ivid ing that difference by the probabl e  error 
of dist ribut ion to derive a standard score which indicaies the relation 
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of the test  score to the dist ribut ion of scores expected for the normal 
populat ion . As a f ir s t  approximation , Haynes arb i t rarily defines "c l inical 
normal cy" to be any given f inding or measurement which i s  within the range 
of plus or minus one probable error of the mean of the population distri-
but ion . The probab l e  e rror i s  defined a s  two-thirds of the s tandard 
deviat ion of the distribut ion . Thus , for a normal d i s t r ibut ion, f ifty 
per c ent of the populat ion would be expected to have f indings within p lus 
or minus one probable error . Emp ir ically , more or less  than hal f  may be 
found within one probable e rror because optometric f ind ings may follow a 
l eptokurtot ic or me sokurtotic ra ther than a normal d istribut ion . 
lated by: 
In normative analys i s , the optome tric s tanda rd score is  calcu-
_ Test Scoi� - Populat ion Mean Standard Scor e  -Probable Error of D i s t r ibut ion 
This is a variat ion of the convent ional s t a t i s t ic (z) which 
uses the standard deviat ion in the denominator in the definition of 
standard score . 
Standard scor e s  offer several advantages over ind ividual test  
f indings· . If norms are developed for two part icular t e s t s  which measure 
the same quan t i ty ,  the s tandard scores p rovide a means of comparing the 
i t em be ing measured despite the scale s of measurement being quite  
d i f ferent . S imilarly , the r esul t s  of two pa t ients or two c l in ic ians may 
b e  compared readily and more reliably . S tandard score s  can read ily be 
used to identi fy which ind ividual items are beyond the range of c l inical 
normalcy. However , this may not be suffic ient for evaluat ion of the 
pa tient's vi s�on problem .  Moreover, i t  would not exc lude problems of 
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measurement e rror or  other extraneous factors which may confound the 
analys is , diagnosis , and/cir prognosis . The data can be further analyzed 
to de tect abnormal rela tionships within r elated group s of f indings ,  thus 
reducing the e ffect of confounding factor s .  To do this, s tandard scores 
are tran s formed in to index scores _for e ither accommodat ion o r  convergence . 
Index scores offer advantages over standard scores. Index 
scores may be summed cir ave raged more readily than standard scores; the 
resulting number allows quantitat ive descript ion by a single numer ical 
value . Part icul�r sub sets may be derived by thi s p rocess which may be o f  
a i d  i n  quant ifying the int ensity o f  a d eviant pat tern, identifying a 
par t icular component o f  accommodat ion or convergence which is deviant ,  
o r  evaluat ing the progress  o f  a par t icular therapy . The sys t em for 
deriving index score s use s the algorithm o f  Tab le I in Appendix A. 
The algori thm requires qualificat ion o f  the standard scores into devia­
t ions· ind icating superior performance , and deviat ions from the norm 
ind icating in ferior per formance. Inferior performance is defined by 
Haynes as " independently shown by cl in ical criter ia, environmental p er­
formance s tudies, physiological cr iteria , and /or theore t ical analys is to 
co·ntribute to  reduce per formance . "  
A fur ther distinct ion must be made between those t e s t s  that 
descr ibe an inherent cont inuum from in ferior to  superior performance and 
tho se tests  in which both end s o f  the distribution o f  f indings indic.ate 
infer ior per formance. These are re ferred to as Type I and Type II f ind­
ings, respectively . Tab le II o f  Append ix A ca t egor izes the various 
optome t ric t e s t s  into Types I and II. 
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The accommodat ive and convergence categories may be averaged 
to yield an Ac commoda tive Index Score and a Convergenc e Index Score , 
according to the formulae: 
Accommodat ive Index Score I: index scores on accommodative tests  x 10 number of t e s t s  
Convergence Index· Score 
� index score on convergence t e s t s  x 10 number of t e s t s  
The analysis and the computer program based upon i t  are des igned t o  derive 
categorical index scores based upon any reasonable bat tery of t e s t s  which 
samples sufficient accommoda tive and convergence t e st s . The ques t ion of 
what const itute.s a "su f f ic ient" battery addresses the is sue of subfect 
and interc l inician.reliab il ity of normat ive analysis . This is  d iscussed 
at length by Haynes (in progress) in a review of two stud ie s  at  Pac i f ic. 
In the f irst, 60 cl inic ians were a sked to examine a pa t ient on two vi sits  
seven to twel ve_ days apart. The med ian numbe r  o'f i tems used to comput e  
the Accommodative Index Score was 1 7 ,  w i t h  s tandard deviat ion of 2 . 7  and 
range of 12 to 29 items . For the Convergence Index Score the med ian wa.s 
26 scored items , with stannard deviat ion of 2.6 and range from 16 to 33 
i t ems . Compos ite index scores for either accommodation or convergence 
we�e highly repeatable, the Pear son coe f f icient for t e s t  - retest being 
0 .  92 . 
In the second study , Campagna and Mj elde (1977) r eport a s tat-
i s t ical s tudy of the r esult s of normative analyses for examinat ions of 
clinically normal subj ect s ,  each examined weekly-for either f ive or s ix 
weeks , by ei ther student c l inic ians or exper i enced op tometris ts. No 
pract ice e f fect could be detected in the f ind ings for the pat ients over 
the course of the study . Nor could stat i s t ical analyses di scern any 
sys t emat ic changes in point scores for individual findings, thus ind i­
cat ing that pat ient variabil ity was not a confound ing factor in five of 
the six cases. One pat ient, however ,  did exhib i t  random var iab il i ty in 
t e s t  find ings , which contributed to var iabil ity in the index scores 
d er ived by different examiners. 
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Student's t-test and analysis of variance d iscerned no s ignif­
icant difference among analyses performed by eighteen d ifferent student 
cl inicians t e s t ing three subj ect s, each subj ect tes ted once a week for 
s ix weeks. 
However , when one subj ect was examined by five exper ienced 
optometris t s  ( each examinat ion was one week apar t), the Accommodat ive 
Index Scores ranged from 21 to 36, and the Convergence Index Scores 
ranged from 24 to 32. Wi th this sub j ect there was a large pat ient 
variab ility which, because of the des ign of this s tudy, contr ibuted to 
an apparently large variance in the composite  index scores calculated 
by the examiner s. Mo re impor tantly , the skilled and exper ienced opto­
me t r i s t s  as a group performed fewe r tests  than the s tudent clinicians . 
Tho se who se rout ine for t e s t ing accommodation more closely matched that 
of the student cl in icians produced the least scat ter of the Accommodat ive 
Index Score. Tho se who se routine for t e s t ing conver gence mo re clo sely 
matched that of the s tudent clinicians produced the l east scat ter of 
the Conve rgence Index Score . Haynes suggests that two of the exper ienced 
optometrists  shor tened the ir examinat ion below the number of t e s t s  
neces sary to obtain good inter-clinicial rel iabili ty. The minimum 
number of findings for such reliabil ity for normative analysis has no t 
been determined. It has not e scaped thi s autho r's at tention that the 
NORMAN program can fac il itate studies to de termine the number o f  tes t s  
which are required t o  achieve a specified l evel o f  reliabil ity . It i s  
m y  hope that future users wil l b e  encouraged by the availab ility o f  the 
program to undertake such an investigat ion. 
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COMPUTER PROGRAHS FOR ANALYSIS OF OPTOMETRIC DATA. 
Analysis o f  data in re search in physical, social and health 
sciences has been expanded considerably by the use of modern computers. 
Appl ication o f  computer programming to analysis o f  optome tric data is 
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j ust beginning. At Pacific University , a FORTRAN-language computer pro­
gram for analysis of data according to proc edure s  advocated by the Opto­
me tric Extension Program has been writ ten by Drs. Richard Rue and John 
Reslock. This program , translated into BASIC by Dr. Will iam Dunn 
(unpublished) and entitled "OEP", is currently acces sib l e  in the public 
file of the computer center at the Pacific Univer sity Co llege of Optome try. 
Dr. J. H. Wiesenbach (1972) illustrates a p rintout of a proposed 
graphical analysis accord ing to Haynes' procedures , but the generating 
program is not  cited and may hot have been written. 
More r ecen t ly, Cowgill ,  Myslik and Nelson (1978) have created a 
series o f  programs to be  used for a var iety of optomet ric needs in the 
areas of geome tric optics , contact l enses, graphical analysis of Sheard 
and Percival , and OEP analysis. The se programs were written for use with 
the p rogrammable calculators currently .available f rom the Hewl e t t-Pacl.<.ard 
Corporation. 
A program ent i t led "CATSA" , an anacronyrn'for "Computer-As s i sted 
T ime Series Analysis" , was created by Wil l iam Dunn (1976) to per form on­
line analysis of analog information obtained during special testing in 
the areas of "el ect rodiagnos t ics" - i. e. , visual evoked response, 
electrore t inography , el ectro -oculography and po ten tial ly in o ther areas. 
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On-line analys is o f  optome tric data by a dedicated computer -
i.e., one des igned for a s ingle function - is a feature o f  the Humphrey 
Vision Analyzer . In this ca se, analog data generated by the pat ient's 
manipulat ion of various d ials, is used to determine an app ropriate 
refract ive correction for.that pat ient. 
In r elated development s, numerous manufacturers of equipment 
used by optome trists  are adding microproces sor s t o  their device s to make 
them more e f f icient, ea sier t o  use , or j us t  more a t tractive , to the buyer. 
Consid erat ion o f  these device s is beyond the scope o f  this paper. 
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NORMAN:. A COMPUTER PROGRAM OF NORMATIVE ANALYSIS. 
1 . 0  Obj ectives and scope of thesi s  proj ect. 
The specific obj ectives of the NORMAN program are: 
a. to create a BASIC -language computer program that will accept data 
from a teletype keyboard without requiring extens ive knowledge 
of computer science or programming languages by the user; 
b. to perform routine calculations within the Haynes' normative 
analysis procedure with greater accuracy , reduced error rate, 
and at greater speed; 
c; to prov ide a printout of the pertinent parameter s of Haynes' 
normative analysis procedure ,  which, i f  used with a pr inting 
teletype , will be a permanerit record to be added to the 
patient's f ile; 
d .  optionally, to enter index scores into d isk memory where it is 
available for further statistical analys i s  by programs 
designed by future users. 
1. 1 General L imitations . 
The d iagnostic value o f  the program output is  a function of the 
precis ion of the input and the valid ity of the p roced1,1res f rom which the 
program instructions are derived. In the terms of a maxim of computer 
science: "garbage in = garbage outn . In other words, a computer does 
not relieve the user of his responsib ility to make accurate mea surements, 
to use his j udgment of the quality of his patient's responses, to 
exercise all of his skills to arrive at a d iagnosis , or to understand 
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the a ssump tions made in thi s  system o f  analysis . 
This computer program canno t and does no t a ttemp t to identify 
invalid data (however, incorrect entries can be eas ily corrected a t  the 
keyboard) . 
In summary , NORMA..� is no t and canno t be a subs titute for care­
ful, accurate . observa tion and measurement, which is the ba s i s  of scien­
tific optometry. 
The NORMAN program does no t a ttemp t to compute the bes t 
correction fo r a patien t .  The index score s  computed by the program are 
not d irectly transla table to a spe�if ic l ens value. They do, however , 
aid in evalua tion o f  vision performance, d iagno s i s  o f  vision problems, 
and in selection o f  the proper mode o f  therapy. A separate program for 
normative pre scrip tions i s  possible but beyond .the scope of this the s is. 
The diagnos tic value o f-NORMAN i s  pred ica ted upon the valid i ty 
o f  the model .· for norma tive analys i s  upon which i t  i s  based. As such, 
i ts succes s  will refl ect not on the program but on the model. Any 
change s in the model will require tha t the program be mod i fied to conform 
to the theory. 
The m.odel i tsel f i s  dependent upon the validity of the norms 
incorporated into the program as DATA s ta tements. I f  the norms and pop­
ula tion errors do no t de scr ibe the values found in an a symp tomatic 
popula tion , or the patient's characteri stics do no t match tho se of the 
popula tion from which the norms were derived - i . e., age - the norms mus t  
be mod i f ied. NORMAN may prove to be an aid and a s timulus to development 
of more appropr ia te norms or norms for more sele.ctive group ings o f  
patients. 
S ince values for each tes t may vary because o f  changes in 
measurement technique, a change in technique will require either 
restandard izat ion of the mea surement ,  or alteration o f  the values 
incorporated into the p rogram. 
1.2 Specific Limitations o f  the Program. 
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The NORMAN program is designed to permit add i t i.on or omission 
o f  certain f ind ings with a minimum of d i f ficulty. Specif ic f indings can 
be omit ted by s imply respond ing to a query with only an entry o f  r:93". 
O f  cour se, the fewer f ind ings entered will result in reduced precis ion 
for mean , med ian, or average values and for Accommoda t ive and Convergence 
Index Scores for a par t icular case analysis. At lea st two es t imate of 
d i stance refrac t ion ( the "P'1 value) , one es t ima te of accommodat ive func­
t ion,  and one estiriiate o f  convergence function must be entered to avo id 
interrupt ing the program because of insuf f icient da ta. 
Up to 149 f ind ings are allowed in the present version o f  NORMAN. 
This may be increased within limit s  o f  the central core memory o f  the 
computer or within the limit a t ion of 2.56 imposed by cons traint s on the 
s ize o f  an array by the BAS IC language. Such revis ion requires some 
knowledge o f  programming in the BASIC language. 
The forty-eight f ind ings which are automa t ically asked for by 
the current ver s ion o f  NORMAN are d ivided into f ive blocks, o f  which the 
user may choose any comb ina t ion based upon the catego ries of tests for 
which he ha s data . Thi s  wa s done to  avo id spend ing time answering queries 
for results o f  test s wh ich were not done. Thus, the program can be 
adapted to  the immediate need s o f  s tudent clinician o r  faculty researcher. 
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2.0 Da ta Entry. 
Rout ine data ent ry via the computer terminal keyboard requires 
that the program be called up and the data entered in response to spec- . 
if ic queries. The query will appear as a quest ion mark, printed by the 
terminal. The f ollowing procedures mus t be followed: 
1. Act ivate the computer terminal by turning the on-o f f  knob from 
OFF to LINE . The computer will respond by asking for an 
account number and password. These may be obtained from 
the director o f  computer opera tions a t  Pacific Univer sity. 
Type in the account number and strike the carriage return 
key. Type in the pas sword and str ike the carriage return key. 
If you require any -further in forma t ion o r  explanat ion o f  
appropriate sign-in o r  s ign-o ff procedures for the Pacific 
Univer sity computer system ,  refer to  Append ix B. 
2. If the user is signed�in properly, the computer will r�spond 
by typing "READY". Call. the appropr iate program by typ ing 
"LOAD DS :NORMAN1' and s tr iking the carr iage return key. This 
transfers program inst ruct ions into computer core-memory 
f rom disk storage. If the f irs t let ter s o f  the computer­
pr in ted words are mis sing , enter the command n NULLS where 
n·i s any integer. This will ins t ruct the computer to indent 
each line to the user's terminal by n spaces , thus allowing 
a �orrect printout. 
3. Type "RUN''. Th is will start the program. 
4. Answer the computer's quer ies as directed by the instruct ions 
printed by the terminal. Specific items o f  data will be 
reque sted in the not.a t ion connnonly used by Haynes. Refer 
to Appendix A for indentifica t ion of any unc ertain nomen­
cla ture. 
5. Enter the data as instructed by tFte program. Strike only "981; 
if  information for that f inding is not available. 
6. After the la st query is answered the computer will calculate and 
print the result s; Refer to Sec t ion 4.0 for a description of 
the data output. 
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more minus value is desirable for a Type I finding - e.g . ,  the near 
point of convergence . I t  is "-" if it is used in a Type II finding or 
if it characterize s a finding which is not directly used in calcula t ion 
of index scores - e . g . , the #4 retinoscopy . 
The fourth character of C$ is 1'E" if it characterize s an i t em 
which requires keyboard entry for the finding - e . g. ,  the 118 finding . 
It i s  "C" if it is calculated in ternally - e . g. ,  the Slope (8, 13b) . No 
other le t ter is permitted since all of the i tems are either entered or 
calcula ted! 
The fifth character of C$ i s  111" if i t  is  entered or calcula t ed 
with the block of da ta identified as ''FINDINGS 8 THRU 21" . It is 112" if 
it is ent.ered or calcula t ed as an "NPC AND NPA" finding. It is "3" if 
it is entered or calcula ted as an "ACCOMMODATIVE AND CONVERGENCE ROCKS" 
f inding . It is "4" if i t  is calcula ted a s  an "ACCOMMODATIVE CONVERGENCE 
SLOPES" finding . I t  is "5" if it is entered or calculated as a "DYNAMIC 
RETINOSCOPY DATA Ai.>..JD SLOPES" finding. It may be any other c.haracter if 
the blocks of_findings are divided into more than five blocks at a la ter 
dat e . Creat ion of.more blocks of data would require appropria te additional 
programming b etween s tatenent s 4200 and 5000 of the current program . 
Since these changes cannot b e  predicted a t  pre sent , discussion is limited 
to the following comments . 
New blocks would require a print s tatement identifying the 
block of da ta, placed immedia tely after s ta tement 195 of the current 
program . The number identify ing tha t  block mus t  then be used as the 
fifth character of the C$ for DATA statement s to be handled in that 
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block . Tha t portion of the program dealing wi th the new block of  da ta 
mus t  begin with a rout ine to ident i fy tha t the block has been reques ted 
by a part icular use r .  It would be analogous to s tatement s  1520 to 1550 
o f  the current program . I t  would then require a rou tine t o  enter infor­
ma tion used only for that specific block o f  f indings . One example of  
this is  found between sta t ements 206.0 and 2140 o f  the current program . 
Therea f ter , the program would consi s t  of s tatements t o  perform the 
appropriat e  calcula t ions and direct the program to the next appropriate 
rout ine. 
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3. 1 Addition or Alterat ion o f  DATA s ta tements. 
New types o f  f indings for which index scores are desired can 
be entered a t  any t ime the program is  in computer core memory . The se new 
f indings are entered by means of the DATA statements at the end of the 
program. 
Presently, up to 149 �re permiss ible in the current program. 
This present limita t ion is set  by the subscr ipted numbers of s tatement 
90 , which r eserves 150 space s  in core memory for populat ion means (A(M)) , 
probabl e  errors (E(M))) , z-scores (or, more correct ly , standard score s ) ,  
de�ignated by Z(M), and index scores , designated Y(M). 
The 150th space o f  each i s  reserved to mark the end o f  the DATA 
sta tements, thus result ing in 149 po ssible  f indings t o  be entered or 
printed .in the output� I f  additional en tries are required , subscripts 
in s ta t ement 90 would have to be  increa sed to an appropr ia te number , and 
s t a t ement 16470 o f  the li st  o f  DATA statements mus t  be changed so tha t  
the "M" value ma tche s the subscripts o f  s tatement 90. Finally, each 
rout ine which nREADS" the DATA statement mus t  be changed to "IF M=(insert 
new numb er) GO TO . . . ".  
Additional DATA s tatement s  mus t use the fol lowing forma t: 
Example.: 
15999 DATA 99 , "Name o f  f inding ",#ff ,#If , If ,  "ABCDE" 
------·-
1 2 3 
1. Statement number. A DATA s t a t ement can be inserted be tween 
current stat ement number s or between the last statement having a named 
f inding and the terminal statement ent itled " END OF DATA ENTRY". 
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2. DATA identifier . The word "DATA" must be inserted to 
d ifferentiate DATA statements from other statements. This is a require­
ment of  the BAS IC language. 
3. "M". Each data statement must have its own identif ication 
number for identification dur ing p rocessing . This number also becomes 
the subscript f or values assoc iated with this find ing. For example, if 
the #8 find ing is identified by an :!M" of "12" , the population mean for 
the number 8 f inding is identif ied a s  A (l2) in the program . Insert a 
comma . 
4. Name of find ing. The nafue of the f inding - that is, the. 
name which will be used to request_a piece of information, or will be 
used to identify information in the printout - is inserted between 
quotation marks. Up to twenty characters are allowed. If fewer c haracters 
are required , the rema in ing spaces are typed in as spaces . This is done 
only to ensure· that the printout will be evenly spaced. A comma must b e  
inserted after the closing quotation mark . 
5. Population mean. Type in the population mean for the named 
finding i f  it is available . If the named find ing does not d irectly require 
a population mean for calculation of .standard scores - e . g . , the # 7a - type 
in 119811 to identify it a s  such. All such statements are also characterized 
by an "E" in the fourth character of the C$ . A comma must follow this· 
number . 
6. Probable e rror of the d i stribution. Type in the population 
error valu.e, or type "98" as for the popula tion mean . A comma must be 
inserted a fter thi s  number . 
22 
7 .  The Type of finding. As mentioned earlier� findings can be 
clas sified as Type I or. Type II . Enter "l'' if it is a Type I finding , 
enter 11211 if it is a Type II finding, or enter "O" if the finding is not 
used in calculation of index scoring directly . Again , a connna must be 
inserted after this number. 
8 .  The character string. The character string, or "C$:' , must 
begin with a quotation mark, include five characters, as specified in 
Section 3.0, and must conclude with a closing quotation mark . 
As with all BASIC statements, the statement is recorded as soon 
a s  the carriage return key is struck. This statement now becomes part of 
the program in computer core memory . If the user wishes to retain this 
statement in future program utilization, the program must be LISTed or 
SAVEd on disk memory by simply typing LIST (name of program or file) , or 
SAVE (name of program or file) , The LIST command will record the program 
in ASCII code. The SAVE command will record the program in binary code . 
The �rogram can be recalled into core memory after either form of trans­
cription by use of the LOAD command when so de sired . 
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3.2 Error Routine. 
I f  an error is discovered during data entry� enter 
119911 for the 
next value reque sted . This will activate a subroutine which will r equest 
the number preceding the name o f  the erroneous entry - i.e. , the '!M"-number 
for that statement. The program will implicitly a sk for verification of  
the erroneous entry by printing its name. I f  it is not the desired find­
ing, the user e ntered the identi fying number incorrectly. I f  so, simply 
enter the correct number for the finding being reque sted. The program 
will query the user for any additional errors, at which time any further 
corr ections can be .made . I f  the second query is answered "YESn , the 
routine will be repeated. If th.e second query is answered 11NO", the 
program will return to the point at which the error routine wa s initiated. 
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4. 0 Data Output . 
After entry of the la st reque sted data item , the program will 
request the user to select one of two printouts ava ilabl e  in the current 
program. If "l" is s elected , standard scores and index scores will be 
calculated for all of the appropr iate find ings entered. At the end of 
computation , the se values will b e  pr inted by the terminal , along with 
value s derived by the program. 
The name of the find ing , the value of that find ing , the deviation , 
the standard score, and the index score for the finding are pr inted in 
any one row , thus resulting in f ive columns . 
The rows are d iv ided by section headings into as many as eight 
sections, corre sponding t� -the category of behavior the finding attempts 
to mea sure - i . e. ,  accommodative amplitude ,  fac ility, rate and posture , 
and convergence amplitude, fac ility, rate and posture. If no entered or 
calculated find ing is available under that head ing , the program will go 
to the next heading . 
On.c e all of the ava ilable find ings are pr inted, the program 
will report the Composite Accommodation Index Score and the number of 
items used in its computation . Ther eafter , the Compos ite Convergence 
Index Scor e  and the number of items used in its der ivation will be 
reported . 
By enter ing '"2" in r esponse to the printout selection reque st , 
the user obta ins an alternate printout of only the deviant find ings with 
infer ior performance . This re sponse initiates a subroutine which will 
pr int find ings having an index score of two , one or zero . The pr intout 
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wil l  include name of the finding, value of the finding, devia tion of the 
t est score from the mean , standard score , and the index score . 
Statement numbers 12000 to 14000 have been reserved to facili­
tate additiona l  types of printouts if the user so desires . 
In the current ver sion of the program , users having the account 
number 2058 wil l  be given the option of having the index scores recorded 
in disk memory for future reference . An affirmative response wil l  
initia t e  a subroutine which wil l  reque s t  the name and age o f  the patient , 
the date of the examina tion , and a c linician number . This informat ion 
and the computed index scores wil l  be recorded in disk memo ry as  soon 
as  the information is entered . Informa tion given in response to the 
queries is rec orded on disk exact ly as entered . An error routine is no t 
needed and not provided .  Up to 29 records may be recorded in "FILE 12" 
on Disk 5, which is used by the cur rent program for storage of pa tient 
daia and ind�x score s .  
Each record on the file reserves 200 space s  for information on 
each pa tient . Each space holds one alphanumeric character . The fir s t  
twenty-four spaces· are r eserved for the patient's name, spac es 25 and 26 
reco rd the patient's age. , spac es 27 to 32 record the date , and spaces 33 
and 34 record the c linician number . Spaces 35 through 51 inc lusive are 
available  for additional informa tion, to be decided by the user. The 
remaining spaces, · 52 through 200, are reserved for index scores . 
The program wil l  report to the user the number of the file 
record a t  whic h the information for his entry is loca ted. The user must 
note this number . If the mo s t  rec ent entry is loca ted in fil e  record 29, 
. ,  
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the program will no t record any further entries unt il the file is cleared1 
and will inform the user to call the computer c enter for assistance, I f  
mor e  than 29 records a r e  anticipated, arrangements must be made with the 
c omputer center d irec tor to obtain a fil e  larger than FILE 12 for data 
storage. 
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5. 0 Verifica tion of program accuracy . 
The accuracy of computation of index scores wa s verified by 
entering data from two studies presented by Professor Haynes during the 
Advanced Case Analysis course at Pacific University . Since some findings 
were taken more than once, some consideration mus t  be given to which value 
wa s used during the hand-scoring for each case. In mos t  cases the find­
ings were close enough that index scoring wa s una f fected . However, index 
scoring for slopes for accommoda tive and convergence behaviors were 
extremely s ensitive to changes in values entered for findings used in 
their calculation . This may become less of a problem for calculations 
performed by the program than it was for hand-scored analyses, since 
user s  may be more likely to ent er averages having fractional value s  than 
they appear to have been when hand-scoring the analyses . 
Once the program had been debugged, the index scores for any 
par ticular finding wa s found to be the same for programmed or hand-scored 
analysis. Dif f erences in composite index scores may s till arise because 
the program wil l  calculate any index score for which in formation is avail­
able, whereas the hand-scored analysis may have inadvertent ly, or pur­
posely,  ignored an item for which information was available, or used an 
item which the current program is not able to use - e . g . ,  #14B findings 
at distances other than sixteen inches (o.4 m) or ten inches (0.25 m). 
28 
PROGRAM PRINTOUT 
l REM *** NORMAN · A PROGRAM OF NORMATIVE ANALYSIS OF OPTOMlTHIC DATA *** 
20 UIM L$[5) 
30 DIM S9S(3J,S7S[l0J 
40 (Jll"l 6$(200J 
50 FOR 1;1 TO 200 
60 LET 13$(!,IJ::ll II 
70 NtXT l 
80 DEF FNRCG):SbN(GJ•INT(1Nl(AB5(G)•8+.5)/•08)/l00 
90 DIM Atl50JtEC150J,Fl150ltZL150J,YC150J 
105 DIM A$[10JtCSC5JtP$[20l 
110 LET L$:»12345" 
112 LET A$:HAAAAAAAAAA" 
120 PRINT "DO YOU WANT INSTRUCTIONS (YlS OR NOJ"; 
l�O INPUT S9:£ 
l.35 PRINT 
1 
l 
!�Q_IF S9$[1•ll=»N» bOTO 190 
150 PRINT "ENTER ONLY GROSS VALUES ACCORDING TO THEIR OlP DLSlGNATIONt EXCEPT"! 151 PfUNT 11THE #4 WHICH lS ENTERED AS NET• WHEN ENTEf<l NG PHOR 1 AS ASSUME 11 ' 152 PRINT ·�so IS PLUS AND EXO lS MINUS. FOR DUCTIONS, BASE-OUT IS �LU� ANO" I 
153 PRINT "BASE-IN IS MlNUs.u I 
15� PRINT I 
170 PRINT "IF NO DATA IS AVAILABLE FOR A PARTICULAR FINDINGt fYPE•9B'" ,. 180 PklNT "IF you NOTICE AN EKROR, TY PE 99 TO ENTER IHE CDHKECT VALUE" 
185 PRINT l 190 PRINl "ENTER THE NUMBERS OF THE BLOCKS OF DATA YOU WOULD LIKE TO USE" 
I 191 PRINT " lt OEP FINDINGS 8 THRU 21" 
192 PkINT " 2. NPC AND NPA FINDINGS" I 193 PRINT 11 3 . ACCOMMODATION AND CONVf.HGEflJCE ROCKS <CYCLES PE.H MINUTE)" 
194 PRINT " �. ACCOMMODATIVE CONVERGENCE SLOPES (8 THRU l�B MUST BE GIVEN>j 
195 PHINT " s. DYNAMIC RETINOSCOPY CATA AND SLOPES" 
I l99 INPUT S7$ 
200 LET N=L.Ei\I ( S7$) I 205 LET S7S:S75[1,NJ,A$CltlO-NJ 
210 FOR I;l TO 150 I 211 LET FtlJ=98 
212 L£T l(lJ=98 I 213 LET YCIJ=98 
215 NEXT I 
300 REM ***** DATA ENTRY ***** 
310 FOR L=l TO 5 
320 FOR N:O TO 9 
325 iF S7$[NtNJ=L$lLtLl GOSUB 400 
330 NEXT N 
340 NEXT L 
350 PRINT "ARE THLRE ANY ERRORS»; 
360 INPUT 89$ 
370 IF S9$Cltll="Y" GO&UB 9400 
380 GOTO 1200 
'tOO RESTOR 
410 READ MtPStA•EtTtC$ 
420 IF M:150 GOTO 490 
430 IF C$C4t�l="E" ANO CS(5,5l=LSLL,LJ GOTG 450 
'+4u GOTO 410 
'+50 PklNT M;"• tt;ps;«: tt; 
'+-60 INPUT FC:MJ 
470 IF F[MJ:99 bOSUB 9400 
'+8u GOTO -.10 
'+90 RE.TURN 
1200 kEM *** CALCULATION OF Pt P-FREEt P•FORCEO *** 
1201 FOR N=o TO 9 
1 2 0 2  
1 2 0 3  
1 2 0 5  
1 2 1 0  
1 2 1 1  
1 2 1 2  
1 2 2 0  
1 2 2 1  
1 222 
1 2 3 0  
1 2 '+ 0  
l2'H 
1 2 5 0  
1 2 $ 1  
1 2 6 0  
1 2 7 0  
1 2 7 1  
l. 2 H O  
1 2 8 1  
1 2 9 0  
1 3 0 0  
l :.'S 0 1  
1 3 1 0  
1 � 1 1  
1 3 2 0  
1 3 3 0  
1 3 6 1  
l fFH i 
l 3 it 1  
1 3 5 0  
1 36 0  
l 3b 1  
1 3 7 0  
1 .3 1 1  
l!H:1 0  
1 1+ 6 5  
1 4 ·7 0  
1 4 7 5  
1 '+ 8 0  
1 4 8 5  
l LJ. 9 0  
l i+ 9 l.  
1 1+ 9 2  
1 1+ 9 .3  
1 4 9 4  
1 1+ 9 5  
1 496 
1 4 9 7  
I F  S 7 i E N t N J = " l "  G O T O  1 2 1 0  
l\lE X T  N 
G O T O  3 0 0 0  
L E T  I :::: Q 
L E T  1 1 = 0  
L E T  1 2::: 1) 
L E T  P ::: Q 
L. E T  P l ::: O 
L E T  P 2 ::: 0 
l F  F C 1 J : 9 8  G O T O  1 2 6 0  
LE T P ::: P + F L 1 J  
L E T  P l : P l +F l: l J  
L E T  l = I + l  
L E T  l l : l l + l  
I F  f [ 3 J: 9 8  G O T O  1 2 9 0  
L E T  P = P + F [ 3 J  
t..£ T  P l =P l + F UD  
L E T . I = l + l  
L E T  I l::: I l + l  
! F  F C 4 J:98 G O T O  1 3 2 0  
L E T  P:::P +F C '+ J + . 2 5 
LE T P l = P l + FC 4 J+ . 2 5 
L E T  J ;:: J + l  
L E T  1 1 :: 1 1 + 1  
I F  F l 5 J= 9 8  G OT O  1 3 5 0  
L E T  P =P + F [ 5 J  .. .  5 
L E T  P 2 : P 2 + F t 5 J - . 5  
L E T  l = l + l  
L E T  1 2 ::: 1 2 + 1  
l F  F L 6 J:98 G O T O  1 4 8 0 
LET P=P+F C 6 .l  
1... E. T P2=P2+f [ 6 J  
L E T  l = I + l  
L E T  1 2 :::. 1 2 + 1  
I F  r = o  GO T O  1 � 7 0  
L E T  P=P / l  
I F  I l = O  G O T O  1 � 8 0  
L E T  P l=P l / 1 1  
I F  1 2 = 0  G O T O  1 4 96 
L E T  P2=P� / 1 2  
L E: T  P = F N H ( P }  
L E T P l :::F N R. < P l ) 
L E T  P 2:: F N R < P 2 )  
P H I N T  
PR I N T  1 P ::: n ; p , ; 11 f ... F H E: E : u ; p 1 , ; 11 p . f O H C E. Ll  = n ; p2 
P R I N T  
P R I � T  tt W H I C H V ALUE SHALL I U S E  F O R  P < E N f E R  T HE NUMBER ) 11 ; 
I NPUT P 
1 5 0 0  H E M  *** C A LC ULA T I ON OF I N T E R M t U I A T E  V A L U E S  F O R  8 T H R U  2 1  *** 
1 5 1 0  REM F OR OEP e T HRU 2 1  
1 5 2 0  F O R  N = O  T O  9 
1 5 3 0  I F  S 7 $ t N , f'J J;;;: 11 l 11 G O T O  1 5 6 0  
1 5 't 0  NEX T N 
1 5 5 0  G O T O  3 0 0 0  
1 56 0  REM * * *C A LCUL A T I ON O F  I N TERMED I A T E  V A LUES F OR 8 THRU 2 1  * * *  
1 5 & 5  I F  F t 2 1 J=98 G O T O 1 5 7 5  
1 5 7 0  L E T  F [ 2 2 J : F t 2 1 J •P 
1 5 7 5  I F  F t 23 l=98 G O T O  1 5 8 5  
1 5 8 0  L E T  F [ 24 J : F [ 23 J • P  
1 58 5  l F  F C 2 6 J: 9 8  G O T O  1 5 9 5  
1 5 9 0  
1 5 9 5  
1 6 0 0  
- 1 6 0 5  
1 6 1 0  
1 6 1 5  
1 6: 2 0  
1 6 2 5  
1 6 3 0  
1 6 3 :5  
1 6 '+ 0  
161t5 
1 6 5 0  
1 6 5 5  
l 6 t'10 
1 0 6 5  
1 6 7 0  
1 6 7 5  
1 6 8 0  
1 6 6 5  
1 6 9 0  
1 '7 0 5  
1 7 1 0  
1 7 1 5  
1 7 2 0  
1 7 2 5  
1 7 3 0 
1 7 3 5  
1 7 14 0  
1 7 Lf 5  
i ·r s o  
1 7 5 5  
1 7 6 0  
1 7 6 5  
1 7 7 0  
1 "7 7 5  
1 7 0 0  
1 7 8 5  
1 7 '1 0  
i ·19 5  
1 8 0 0 
1 8 0 5  
1 8 1 0  
1 8 1 5  
1 8 2 0  
1 8 2 5  
1 6 3 0  
1 8 3 5  
3 0 0 0  
3 0 2 0  
3 0 3 0  
3 0t� O 
3 0 5 0  
3 0 6 0  
3 0 7 5  
3 0 7 6  
3 0 7 7  
3 0 7 8  
3 0 7 9 
3 0 8 0  
L E T  F C 2 7 J :F l 2 6 J - P  
I F  F t 3 9 J = 9 8  G O T O  1 6 0 5  
LE T F [ � Q ] : P - F C 3 9 J  
l F  F t � l J:98 G O T O  1 6 1 5  
L E T  F C 47 l = P - F t 4 l l  
l F  f [ q 2 J = 98 G O T O  16 2 5  
L E T  F t 4 B J= P - F [ q 2 J  
I F  F ( 43 J:98 G O T O  1 6 6 5  
L E T  F l 4 9 l: f - F L � 3 J  
I F  F C q 4 J:98 G O T O  1 6 4 5  
L E T  F [ 5 0 J : F [ q � J · P  
I F  F C q 5 J= 9 8  GOT O 1 6 5 5  
L E T  F L 5 1 J : F C 4 5 J • P  
I F  F t c+6 J : 9 8  G O T O  1 6 6 5  
L E T  F t 52 J : F [ 4 6 J • P  
l F  F C �2 J = 9 S  O R  F C 4 5 J:98 G O T O  1 6 7 5  
LE T F t 5 3 l = F C 4 5 J • F l 4 2 l 
I F  F C � 2 J=98 OR F C 4 3 l = 9 8  G O T O  1 6 8 5  
L E T  F t 5 4 ) : F [ � 3 l • F [ � 2 J  
I F  F C 4 3 l= 9 a  O R  F [ 2 3 J : 9 8  G O l O 1 7 0 5  
L E T  F [ 5 5 J : F [ 2 3 J -F L 4 3 ]  
I F  F C 45 l = 9 8  O R  F C 4 6 J:98 G O T O  1 7 1 5  
L E T  F C 56 J =F t q 5 J • F L 4 6 J 
I F  F C �6 l=98 OR f t 4 3 J=98 G O T O  1 7 2 5  
L E T  F t 5 7 J = F C 46 J - F C 4 3 J 
I F  F C �6 J = 9 8  O R  F C 2 3 J=98 G O T O  1 7 3 5  
L E T  F C 58 J :F [ 4 6 J • F [ 2 3 J  
l F  F C 2 J ; 9 8  OR F ( 1 J : 9 8  G O T O  1 7 4 5  
L E T  F t 59 J = F C 2 J - F l l J  
l F  F C 1B J : 9 8  O R  F t 1 2 J=9B G O T O 1 7 5 5  
L E T  F C 6 1 J = F t 1 8 J - F l 1 2 J  
I F  f C 2 Q J : 9 8  O R  F C 1 2 J:98 � O T U  1 7 6 5  
L E T  F t 62 J = F ( 1 2 J • F [ 2 0 J 
I F  F L 2 0 J=98 OR F C 1 8 J:98 G O T O  1 7 75 
L E T  F t 6 3 J =F C 1 8 J - FC 2 0 J 
IF F C 1 9 J = 9B OR F C 1 7 J=98 G O T O  1 785 
LET F [ 6 � J = F t 1 7 J • F C 1 9 J 
I F  F C 35 l = 9 B  O H  F l 1 3 J : 9 a  G O T O  1 7 9 5  
LE T F C 6 5 J=FC 3 5 J • F L 1 � J  
I F  F t 3 8 J : 9 B  O R  � [ 1 3 J=98 G OTO 1 8 0 5  
L E T  F C 66 J:f ( 1 3 J - F ( 38 J 
I F  F C 38 J:98 OR F C 3 5 J:98 G O T O  1 8 1 5  
L E T  FC 67 J=f C 3 5 J • F t 38 J  
l F  F L 3 7 l= 9 8  O R  F l 34 J:98 G O T O  1 8 2 5  
L E T  F C 6 0 J = F C � 4 J • F t 3 7 J 
I F  F C 36 J : 9 8  OH FC 33 J;98 G O T O  1 8 3 5  
L E T  F [ 6 9 J = F C 3 3 J • F [ 3 6 J 
kEM *** SPACE H l SE H V EO F OR ADD I T I ONAL C A L C U L  
REM * * *  P R O G R A M  F O R  A C C  A N D  C O N V  SLOPES * ** 
F: o R  N:::: o T O  9 
I F  S 7 $ C N t N J: u � tt G O T O  3 0 6 0  
NE X T  N 
G O T O  c+ O O O  
REM * * *  C A LC ULA T I ON O F  ACC & C O N V  SLOPES ** * 
P R I NT tt W H A T  l S  P A T I E N T ' S  P . U . l l N C M . ) " ;  
ll\IPUT D l  
I F  0 1 < >98 G O T O  3 0 8 0  
P R I N T  " THEN I ' L L ASSUME l H A l  I T  I S  6 . 0  C M "  
LE T 0 1 ::: 6 
I F  0 1 ( 2 O R  0 1 > 8  G O T O  3 0 7 5  
T I ONS * * *  
3 0 9 0  
� H O O  
3 1 0 5  
3 1 1 0  
3 1 1 5  
3 1 2 0  
3 1 2 5  
3 1 3 0  
3 1 3 5  
3 1 Lt 0  
3 l tf· 5  
b 1 5 0  
3 :.t 5 5  
3 1 6 0  
3 H , �'/  
3 1  "T CJ  
l+ O U O  
4 0 2 0  
4 0 3 0  
4 0 1.t O  
lf 0 5 0  
lf 0 6 0  
1+ 1 4- 0  
' H 6 u  
4 1 7 0  
4 1 8 (.;  
4 1 9 0  
4 2 0 0  
'1· 2 1 0  
'+ 2 2 0  
5 0 0 0  
ti O U 5  
5 0 1 0  
5 0 2 0  
5 0 .3 0  
5 0 3 5  
5 0 '+ 0  
5 0 5 0  
5 0 6 0  
9 0 0 0  
9 0 1 0  
9 0 2 0  
9 0 2 5  
9 0 .5 0  
9 0 4- 0  
9 0 b 0  
9 0 6 0  
9 0 7 0 
9 0 0 0  
9 0 9 0  
9 1 0 0  
9 2 0 0 
9 2 1 0  
9 3 0 0  
9 3 1 0  
9 3 2 0  
9 3 3 0  
9 3 4 0 
9 3 ':'.> 0  
9 .3 6 0  
l F  F C 1 3 J= 9 8  O R  F C 1 2 J =9 8  G O T O  3 1 0 5  
L E T  F t 1 5 J : l ( F C 1 3 J - F C 1 2 J + l 5 l / D l l / 2 . 5  
. I F  F t 2 9 J ; 9 8  O R  F C 1 2 J = 98 G O T O  3 1 1 5  
L E T  F C 3 U J = < < F C 2 9 J - Ft l 2 J + 1 5 > 10 1 > 1 2 . 5  
I F  F C 1 2 J : 9 8  O R  F C 3 1 J=9B G O T O  3 1 2 5  
L E T  F ( 3 2 J : ( ( F l d 1 J • F [ l 2 J + l 5 ) / 0 1 ) / 2 • 5  
I F  F C 7 9 J = 9 8  O R  F C 2 3 J=98 G O T O  3 1 3 5 
L E T  F ( 2 5 l= l - l ( F [ 79 J -F C 2 3 J l / l . 5 )  
I F  F C B O J : 9 8  O R  f [ 2 6 J= 9 B  G O T O  3 1 4 5  
L E T  F L 2 b J = l • ( ( F [ 8 0 J • F C 2 6 J J / l . 5 J  
l F  F L 2 1 J:98 & O T O  3 1 5 5 
LE T F [ 2 2 J =F t 2 1 J • P  
I F  F ( 83 J= 9 8  G O T O  3 1 6 5 
L E T  F [ 8 q J : F L 8 3 J • P  
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F OR N = o  T O  9 
I F  S 7 1 [ N , N J� H 5 tt G O T O  4 0 6 0  
N E X T  f\l 
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L E T  F E 9 J: l + ( ( F L B 1 J - F t 8 J ) / l . 5 )  
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L E T  F l 6 0 l = ( F [ 2 J • F [ 8 2 J l / 1 • 5  
l F  F t 7 J= 9 8  G O T O  � 2 2 0  
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k�M * * *  C A L C U L A T I ON OF Z • S C O R L S  A N U  I NDEX SCO R E S  * * *  
HES T O R  
k E A D  M , PS . A L M l t EL M J . r , c s 
l F  M = 1 5 0  G O T O  9 9 0 0 
l F  F C M J: 9 8  G O T O  5 0 1 0  
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G O S U El  9 0 0 0  
G O T U  5 0 1 0  
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l F  l = O  G O T O  9 5 9 0  
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9 2> 9 0  R E T U R N  
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I 1 52 0 0  1 5 2 1 0 
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CONCLUSION 
The specific obj ectives of the NORMA..� program are outlined in 
Section 1 . 0  of this monograph. The exis tence of the NORMAN program indi­
cates that computer programming can be applied to the procedures of 
normative analysis a s  outlined by Dr. Haynes . NORMAN performs the 
extensive number of calculations quickly and correctly, and provides the 
u ser with the information upon which to exercise his clinical j udgment 
a s  to the bes t course of therapy for a par ticular patient. 
The the NORMAN program is but the firs t  basic s tep in computer 
programming of norma tive analysis. It calculates and records the index 
scores which can subsequently be used for a. var iety of purposes. I have 
already alluded to the pos sible upda ting and expansion of norms currently 
used in the program . NORMAN makes possible future work in es tablishing 
norms for more specific age groups and/or types . of pa tients . By modifying 
s tatis tical programs currently in the Pacific University Computer Center 
Library, the researcher can easily perform numerous s fatistical analyses . 
For example, index scores from the records of one patient may be studied 
to identify changes in visual performance over time . This may prove to 
be particularly valuable frir subj ects undergoing vision training . Future 
programs may attempt to identify particular deviant pa tterns and rela te 
them to particular symptoms or indications for a particular regimen of 
trea tment for a particular �ase. 
More broadly ,  some sta tis tical programs may be modified to 
analyze da ta on groups of pa tients such as schobl-age children, in an 
attempt to identify factor s r ela ted to the onset of myopia . 
40 
But these possib ili t ie s  and many mor e  mus t  become the interests 
o f  future inve s t igators and the subj ec t o f  future these s .  NORMAN is 
more appropr iately considered as a tool in future re search : with comp l e t ion 
of my thesis , it can no l onger r ema in as  only the subj ect  of s�ch inve s­
tigat ion . 
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APPEND I CES 
f W Rl \A T I  VE Af l A LY S  I S  O F  i'\ C C O M l '1 0 DJ\T I V E  At l D COl l V E RG rn C E  T E S TS 
An op tome t r i c e x a m i n a t i on o f  a c commo d a t i ve a n d  con veYg e n ce b e h av i o rs con­
t a i n s b o t h q ua n t i t a t i ve a n d q u a l i t a t i ve t e s t s co res . Go t h  q u a n t i ta t i ve a n d  
q ua l i t a t i ve t e s t res u l t s a re con s i de re d  b y  t h e  c l i n i c i a n i n  de c i d i n g o n  t h e  
pe r fo rm a n c e  l e ve l o f  t h e s e tvm s y s tems . Sy s t e ma t i c  a n a l y s i s  o f  t h e  c l i n i ca l  
f i n d i n g s  i s  b e s t s t a r t e d  by comp a r i n g e a ch t e s t i t em 1,J i t h p op u l a t i o n n o r ms 
fo r t h e  g i v en a g e  g ro u r  o f  t h e  p a t i e n t  i n  q ues t i o n .  Comp a r i s o n  o f  e a ch 
a c commod a t i ve a n d  con ve rge n ce t e s t s co re w i t h a s e t  of n o rms i s  c a l l e d  
n o rma t i ve a n a l y s i s . 
No rma t i ve a n a l y s i s  con s i s t s o f  s ub t r a c t i n g t h e  g i ve n tes t s c o re f rom 
the p o p u l a t i on me an o r  me d i a n s co r e .  Th i s  d i f fe re n ce a l l �� s  comp a r i s� n  o f  
a g i ve n  tes t r e s u l t  t o  t h e f req uen cy o f  t h e  b e h a v i o r fo un d i n  t h e  gene ra l 
po p u l a t i o n o r  i n  a g i ve n  s e l e ct e d  po p u l a t i o n .  
S e ve ra l  q ue s t i on s  o f  c l i n i c a l  i mpo r t a n ce a re r a i s e d  by t h e  d i f f e ren ce s  
fo un d  b e tween t h e  g i ve n  t e s t s co re o f  a p a t i e n t  a n d  t h e  cen t ra l  pop u l a t i on 
meas u re .  Th e s e  a re : 
l .  I s  t h e  de v i a t i on c l i n i c a l l y s i g n i f i c a n t ?  
2 .  I s  t h e  de v i a t i on s t a t i s t i c a l l y  s i g n i f i c a n t  re l a t i ve t o  t h e  t e s t ' s 
r e l i a b  i l i ty? 
3 .  Hh en comp a r i n g  t h e  d e v i a t i on s  a rnon 9 t'.·1 0 o r  more t e s t s , h o\'J d o  vie 
d e t e rm i n e t h e  s e ve r i ty o f  t h e  d e v i a t i o n s  b e tween tes t s ?  The re fo re , 
1,1h i ch o f  t h e  s e ve ra l  t e s ts r e p re s e n t  t h e  g re a t e s t n o rma t i ve d e v i a t i o n ?  
4 .  l\ t 1·1! 1 a t  l e ve l o f  de v i a t i o n fo r a g i ven f i n d i n g ,  o r  s e t  o f  f i n d i n g s , 
does t h e  de v i a t i o n i n d i c a t e  t h e rapy ? 
::; . l i ov1 c a n  1·1e s umma r i z e t h e  re s u l t s o f  o u r  i n d i v i d ua l n o rma t i ve com ­
p a r i s o n t o  s h rnv a comp os i t e s co r e ?  N ume r i ca l l y ? By ' ip a t te r n "? 
. .. - 2 -
C l i n i ca l  n o rma l cy i n  th i s  p ap e r  i s  def i ned  s ta t i s t i ca l l y  as  any g i ven 
f i nd i n g (mea s u remen t )  \·:h i ch i s  �·: i t h i n  the range of r l us or m i n us one ri robab l e  
e r ro r  o f  the  po p u l a t i on d i s t r i b ut i on .  Th e r rob a b l e  e r ror  (P E )  i s  equa l to 
t1.·:o - t h i rds of the  s ta n d a rd dev i a t i on o f  the  d i s t r i b u t i on . I n  a n o rma l d i s -
t r i bu t i on the mean � 1 P E = 50 �; o f  the  pop u l a t i on . One-q ua rte r o f  t he 
rema i n i ng pop u l a t i o n  wo u l d be  g re a te r than  mean + 1 P E  a n d  one-q u a r t e r  l es s  
t h an the  r:iean  - 1 P E .  / �any accommod a t i ve a n d  con ve rgen ce tes ts  g i ve us 
l ep to ku r to t i c  d i s t r i b ut i ons  �·Jh i ch i n d i ca tes th a t  the emp i r i ca l  pop u l a t i on 
con t a i ns  mo re t h an 5 0 �  of t h e  cases i n  the cen t ra l  reg i on . Each t a i l may 
con ta i n l es s  than  2 5 ?:,  of the  po pu l a t i on .  
To d i s t i ng u i s h  the mag n i t u de of  dev i a t i on of a s p e c i f i c  tes t s co re re l a-
t i ve to the  pop u l a t i on , o r  to comp a re the  re l a t i ve de v i a t i on o f  two d i f fe ren t 
tes ts , the tes t s co re de v i a t i on i s  con ve r te d  to a s tanda rd s co re . S ta t i s t i ca l l y , 
the s ta n d a rd s co re i s  f requen t l y re fe r re d  to as a i ; z 1 1 s core . 
S t an d a rd S co re (Z )  _ Pop u l a t i on Mea n - Tes t S core  - ---·- -
Pop u l a t i on S t an d a rd Dev i a t i on 
A va r i a t i on of  the i ; z s co re ' '  s tan da rd s co re i s  us ed  i n  th i s  d i s cuss i on .  
I ns tead o f  us i ng the s ta n da rd  dev i at i on , the  p robab l e  e r ro r  ( P E )  of  the  d i s -
t r i b u t i on i s  s ub s t i t u ted . Th e P E  i s  two-t h i rds  the  s t an d a rd dev i a t i on o r ,  one 
s ta n d a rd de v i a t i on eq ua l one and one-ha l f  p ro0 ab l c  e r rors  (P E ) . 
t lean  - Tes t S co re 
S t an d a rd S co re = ------- -·-
P .  E .  o r  ( t_ / 3 r;- )  
Examp l e  1 .:  \./h i ch o f  the  fo l l ovJ i ng t1-10 f i n d i n g s  rep re sen t the  g re a t e r  
dev i a t i on f rom  t h e  rop u l a t i on n o rms ? By p r i s m d i op te rs ?  By s tanda r d  s co re ?  
D i s tance P ho r i  a ( /1 8) = 8 6  exopho r i  a 
Nea r P ho r i a (/! 1 3 8 )  = 1 4 L'l exoph or i a  
Red u c i n g  to s tanda rd  s co re : 
1 /2 XO  - 8 
-,--··- -- = 11 4 and  
1 .  7 . ' ' 
Dev i a t i on o f  d i s t an ce phor i a  i s  1 . 5  t i me s  g re a t e r  t h an the  s i xtee n  i n ch 
I • ( lf , l+ 1 ) • • p 1o r 1 a  ---· = , 5  us 1 nq s t a n d a r d  s core  tech n 1 ci, ue . The d i f fe ren ces i n  p r i s m 2 . 9  -
d i op te rs of t he two tes t meas u re�en t s  a re 7 . 5 6  and  1 0 6  res pec t i ve l y .  The 
s t and a rd s co re a l l 01vs d i rect  q uan t i ta t i ve compa r i son  of f i n d i ngs  of va ry i ng 
@ varian ce s . 
. . - 3 -
( 
Examp l e  2 :  S u p po s e  t h e  fo l l 01v i n 9 d a t a  1·1e re o b t a i ne d  1·1 i t h .J pa t i en t 
be fore a n d  a f t e r  a c commod a t i ve t r a i n i n g .  
B e f o re 
( 1 9- P ) 
(2 1 R- 1 4B )  
= - 1 .  5 0  
= + .• 50 
l\f t e r 
- 3 . 0 0 ( g ros s f i n d i n gs ) 
+ J . 75 
T\'IO s o l u t i on s  pos s i b l e .  F i rs t ,  comp a r i s on o f  de v i a t i o n  f rom p o r u l at i o n 
mean fo u n d  be fo re a n d  a f t e r t ra i n i n g  a n d s e co n d l y , cor:1pa r i s on of the c h a n g e  
f rom b e fo re t o  a f t e r t ra i n i n g .  
13e fo re V .  T .  : 
So l .  1 :  4 . 2 5 - l . 50 = 2 . 2 , a n d  +I . CO - : 5Q_ = l . 3 5 
--- -i . 25 - . 3 7  
l\ f t e r V . T . : 
a n d  �.:.?..2 _ _:_] · OO 
= 1 , a n d  
1 .  25  
_1 . oo_-_ 1 . 75_ 
= 2 . 
. 3 7  
S o l .  2 :  An a l y s i s o f  ch a n ge b e tween be fore a n d  a f te r V . T . 
- I • 50 - ( - 3 . 00 ) - c:o - l 75 I. 
---·-- - -- -- - l . 2  a n d  · _:> ___ • - = 3 . '-1 . J .  2 5  ' . 3 7  
--------- ------ --- -----
I n i t i a l l y , the de v i a t i on of t h e  # 1 9  ( p os i t i ve re l a t i ve a c commod a t i o n ) w a s  
g re a t e r  t h a n  t h e  f i n d i ng s e t  (21 R - P ) . A f t e r  V . T . the ch a n ge i n  t he (2 1 f\ - P )  
i s  f a r g re a te r  t h a n  t h e  i n c r e a s e  o f  t h e  /1 1 9  tes t s co re . I n i t i a l l y , bo t h  
f i n d i n g s e t s  s h01·1e d h y po - a ccommod a t i ve f u n c t i o n i n g re l a t i v e t o  pop u l a t i o n n o rms . 
/\ f te r t r a i n i n g t i l e  s e t  ( l �i - P )  mo ved i n to t he l ow n o rrria l  r a n ge . Th e ( 2 r n - P )  
move d  f rom rno r a c c ommod a t i ve pe r f o rm a n ce t o  s up e r i o r on t h i s  p a r t i c u l a r  i t em . 
I n  b o t h  o f  t h e  p re v i ou s  e xa mp l es t h e  re l i a b i  1 i ty o f  t h e  popu l a t i on no rms 
a n d  t h e  re l i a b i l i ty of t h e  tes t s co re (s ) f rom a g i ven pa t i e n t a re as s ume d .  
The ch a n c e va r i a t i o n o f  t h e  p o p u l a t i o n  n o rm ca n be es t i m a t e d  by d i v i d i n g t h e  
s t a n d a r d  de v i a t i on o f  t h e  pop u l a t i o n d i s t r i b u t i on b y  t h e  s q ua r e roo t o f  the 
r 
s amp l e  ( ..;n ) .  The re l i ab i l i ty o f  a 9 i ve n  p a t i e n t ' s  r e s r on s c  can b e  asce rta i ne d  
by i n c re a s i n g t h e  n umb e r o f  t i mes t h e  t e s t i s  a d m i n i s t e re d , o r  b y  us i n g t h e  
k n own va r i an ce f rom p ub l i s h e d  re l i a b i l i t y s t ud i e s o f  t h e  tes t . 
@ 
h -· 
S e ve ra l maj o r  c l i n i ca l  a d v a n t a g e s  fo r a n a l y s i s  a re de r i ve d f rom 
con ve r t i ng a n  i n d i v i d ua l  p a t i en t 1 s  f i n d i n gs i n t o  s ta n da rd s co res . 
1 .  /\ l l f i n d i n gs  a rc r e d u c e d  to a common bas e a l l rnv i n g  e a s y  comp a r i s on 
o f  t h e i r de v i a t i o n to p o p u l a t i on d i s t r i b u t i on s . 
2 .  The m a g n i t u de o f  va r i a t i on a mo n g  i n d i v i d u a l t es t f i n d i n g s  w i th d i f fe ren t 
va r i a n ce may b e  comp a re d  d i rec t l y  w i t h one a n d  a n o t h e r .  E va l ua t i on o f  
c h a n g e s  i n  c l i n i ca l  f i n d i n os b e fo re a n d  a f t e r the rary i s  fa c i l i t a te d . 
3 ,  A s t ;, in d a rd s co r e  s y s tem a l l m1s q ua n t i f i ca t i on o f  a c commoda t i ve a n d  
con ve r g e n ce tes t s co re s  i n to a tt·10 d i me n s i on a l q u an t i t a t i ve s co r i n g 
s y s tem . O n e  d i me n s i on I n vo l ves de r i v i ng a s i n g l e  q ua n t i t a t i ve I n d e x  
s co re fo r a g i ven mo t o r  s y s tem f rom t h e  c l i n i ca l  tes t s  w e  u s e . T h e  
s e con d d i me n s i on a l l ows b o t h  q ua n t i t a t i ve a n d  q u a l i ta t i ve Jes c r i p t i on s  
o f  a n  a c commo d a t i ve o r  con ve rgen ce 1 1p a t te rn 1 1  by ope ra t i on a l l y d e f i ne d  
pe r fo rman ce a re a s . 
4 .  A s ta n d a rd s co re s y s tem a l l ows be t t e r  e va l ua t i on amon g d i f fe re n t  
c l i n i c a l  t e s t b a t te r i es .  The exa m i n a t i on o f  a ccommod a t i ve beh a v i o r  o f  a 
two y e a r o l d  a n d  t h e  s a me ch i l d  a t  1 0  ye a rs i s  c l i n i ca l l y  d i f fe ren t .  
F rom a f un c t i on a l a n d  l on g i t ud i n a l  po i n t  o f  v i ew we n e e d  t o  be ab l e  
to comp a re t h e  b eh av i o r  a t  t h e s e tv10 a g e s  th rou g h  a p r rop r i a t c  con ­
ve rs i on o f  t e s t res u l t s .  Tv10 compos i t e s co res d e r i ve d  from two d i f fe re n t  
tes t b a t te r i es by t1-10 d i f fe re n t  o p to me t r i s t  may b e  e va l ua t e d  mo re 
e as i l y .  
Accommo d a t i on a n d Con ve rgen ce I n dex S co res : 
To re d u c� t h e  s t a n d a r d  b a t t ery o f  a c commod a t i ve a n d  conve rge n ce f i n d i ng s  
t o  i n dex s co re s  us e t h e  t·w r k u r  s h e e t s  en t i t l e d  1 1 i Jo rma t i ve An a l y s i s  A ccommoda t i ve 
Ra t i n g S ca l e 1 1 an d t h e  comp a n i on s he e t  fo r con ve rgen ce . 
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I mme d i a te l y a f t e r e a ch t e s t l i s t i n g ,  o r  f i n d i n g s e t , a re fo u r  co l umns 
ma rke d 1 'mc a n ' !  ( rop u l a t i on me a n ) , i : r E 1 1  (p r ob a b l e  e r r o r ) , ' ! De v . " (d e v i a t i o n 
i n  s t a n d a r d s co re un i t s ) a n d  ' 1s co re 1 1 • E a ch f i n d i n g t a ke n  o n  a g i ve n  pa t i e n t  
i s  f i rs t  r e d u ce d t o  a s t a n d a r d  s co re . Th i s  i s  do n e  by s ub t r a c t i n g t h e  
pa t i e n t 1 s  tes t s co re f rom t h e  po p u l a t i on me a n  (o r  m e d i a n ) a n d  b y  d i v i d i n g 
t h e  re s u l t by t h e  P E  t o  ol.J t a i n  t h e  de v i a t i o n o f  t h e  f i n d i n g s i n  s t a n d a r d  
s co re u n i t s .  E n te r th i s  re s u l t i n  t h e  co l umn ma rked 1 1d e v . 1 1  ( d e v i a t i on ) . 
Us e m i nus  s i gn fo r I nfe r i o r  pe rfo rman ce o r  hypo- act i v i ty an d a p l us s i gn 
fo r s upe r i or pe rfo rman ce o r  hype r-act i v i ty .  
Examp l e : 
+ 1 4B - P = +2 . 00 i n  a g i ven pat i en t ,  and  i f  - 1 4B - P = +2 . 00 then , 
Dev i a t i on m Popu l a t i on Mean - ( 1 4B - P )  
P E 
+ 1 4B + 1 • 00 - +2 . 00 = 
. 3 7 7 
d _ 1 48 _ + . so - +2 . oo ___ 4 .  = -2 . , an . 3 7 
ma r k e d  ' 's c o r e " ) u s e  t h e  f i ve po i n t  s c a l e s h rn·m i n  Tab l e  I .  
T/\ 8 L E  I 
Tab l e  I con t a i n s a s co r i n g s y s t e m fo r t r a n s f o r m i ng i n d i v i d ua l 
c l i n i c a l  f i n d i n g s  i n  s t a n d a rd s co re u n i t s t o  a n  i n dex s co re fo r e i t h e r 
a c co mmoda t i o n  o r  con ve r g e n ce . 
S co r e 
4 po i n t s  
3 p o i n t s  
2 p o i n t s 
p o i n t 
0 po i n t s  
De v i a t i on 
- -
- --
-· - -
·--.
.... -
· · 
> ] .  l v ii  t h  
< t 1 e a n  � l  --
> l .  l w i t h  
> 2 .  1 \•J i t h  
> 3 .  l \'I i t h  
P.cma rks 
____ , _ _  .. 
s up e r i o r moto r pc r fo rma n cc 
p .  E .  = ' ' l io rma 1 P e r f o rman ce 1 1 
i n fe r i o r  mo t o r pe r f o rma n ce 
i n fe r i o r  mot o r  r e  r fo r man ce 
i n fe r i o r  mo t o r pe r fo rm a n ce 
---- -- ----·-- --- -· ···-· ---- ---- · ··------···---- - ----··-·-
The t e rms s up e r i o r  an d i n f e r i o r mo t o r  p e r fo rman ce i n  T a b l e  I n e e d s  
e l ab o r a t i o n .  ' ' I n fe r i o r Mo t o r  P e r f o rma n ce 1 1 m e a n s  t h a t  a g i ve n  f i n d i n g h a s  
bee n i n d epe n de n t l y s h own b y  c l i n i ca l  c r i te r i a ,  e n v i ro n men t a l p e r f o r ma n ce 
s t u d i e s , r h y s i o l o g i ca l  c r i t e r i a  a n d / o r  t h eo re t i c a l  a n a l y s i s  to co n t r i b u t e 
t o  r e d uce p e r fo rman ce . C l i n i c a l  t e s t s  d i s t r i b u t i on s  o f  a c commod a t i ve a n d  
--
-
-
-
-·
-
-
-
-
- (; -
con v e rge n ce t e s t s  h a ve two ve ry d i s t i n c t  ch a r a c t e r i s t i cs .  I n  o n e  s e t  o f  
te s t s , t h e  s c o res s i g n i fy a con t i n u um f rom i n fe r i o r  to s upe r i o r p e r fo rma n ce . 
I n  a s e co n d  s e t  o f  c l i n i c a l  tes t s  b o t h  e n d s  of t h e  tes t d i s t r i b u t i o n i n d i -
c a t e  i n fe r i o r  b e h a v i o r  o r  p h y s i o l og i c a l  ch a r-a c t e r i s t i cs 1vh i l c t h e  ce n t r cJ l  
reg i o n s  o f  t h e  d i s t r i b u t i on i n d i c a t e s  n o r ma l t o  s u pe r i o r  p e r fo r ma n ce . 
Hy po a c t l v i ty a n d  hy pe ra c t i v i ty o f  a g i ve n  phy s i o l o g i ca l  s y s t em a re o f t en 
e q ua l l y  un des i r a b l e . Fo r r u rpos e s o f  th i s  p a p e r 1·1e s h.a l l re f e r to t h es e  tvio 
s e t s  as Type I a n d  Ty re 1 1  res p e c t i ve l y . 
Th e amp l i t u dc o f  a c commod a t i on ( t ; P/\) , t h e  amr l i t u de o f  conve rg e n ce (N P C ) , 
re l a t i ve con ve rge n ce t e s t s , a n d  re l a t i ve a c commo d a t i ve t e s t s  a re e xamp l e s o f  
t es t res u l t s  wh i ch fo rm a con t i n u um f rom i n fe r i o r  t o  s u pe r i o r pe r fo rma n ce 
(Ty pe ! ) .  C l i n i c a l  f i n d i n gs wh e re h y p o a c t i v i ty o r  h y pe r a c t i v i ty a re bo th 
u n de s i r a b l e  a re e xemp l i f i e d by p h o r i a  tes ts , f i xa t i on d i s p a r i ty ,  c ros s 
cy l i n de r t e s t s , l o·.-1 n e u t r a l  dy n am i c  re t i n os copy a n d  t h e  mon o c u l a r es t i ma t e 
me t h o d  o f  dy n am i c re t i n o s co p y . T a b l e  1 1  co n t a i n s a s umma ry o f  tes t s  b e -
l on g i n g to t h e s e two d i s t i n c t  ca t e g o r i e s o f  t e s t s . 
I t  i s  l eg i t i mate to ask  why s upe r i or pe rformances a re not s co red 
beyon d 4 poi n ts ?  The re fo r� the s ca le e q ua l s  0 ,  1 ,  2 ,  3 ,  4 ,  5 ,  and  6.  
Log i ca l l y  i t  may be a rg ued  tha t  th i s  i s  des i rab l e .  The f i ve po i n t  
sys tem was de l i be ra te l y  des i gne d fo r seve ra l  reason s . ( 1 ) Type I I  
f i n d i ngs whe re both 1 1 ta i l s 1 1  a re c l i n i ca l l y abnorma l don ' t  l en d  them-
se l ves to an extended form of s cor i ng when Type I f i nd i ngs a re s i mu l -
t aneous l y  s co re d .  ( 2 )  I n  many i ns tances there a re n o  known funct i on a l  
advan t ages for exces s i ve l y  h i gh f i n d i ng s . Examp l e , N P C  t o  nose r a the r 
than 1 . 5 1 1 or,  exces s i ve l y  h i gh d uct i ons . ( 3 )  I n  a d i s tance rock tes t 
the re i s  a d i s t i nct advantage to  have ve ry h i gh pe rforman ces 
(examp l e  50 c/m ) . Because of the d i f fe rence s  I n  pe rformance i mp l i ci t  
i n  Ty pe I and  Type I I  f i nd i ng sets , the s ugges ted sys tem s eems bes t .  
Fu r the r expe r i ence w i l l  dete rm i ne the re l at i ve me r i ts of these a rgumen ts . -------- -- ----· - - -- ---- ----------
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Tab l e  t i : S e r a ra t i o n o f  gen e r i c  c l as s e s  o f  a c commo d a t i ve a n d  con ve rg e n ce t e s t s  
i n to Ty re  I a n d  Ty re I I  ca t eg o r i es .  Type I t es t s  i n c l u de t h o s e vJh e re t h e  s c a l i n � 
of th e pop u l a t i o n d i s t r i b u t i on i s  a con t i n u um f rom i n fe r i o r to s upe r i o r  pe r fo rman ce . 
Tvre 1 1  t es ts a rc t hos e 1-1h c rc i n b o t h  e n d s  o f  t h e  p o p u l a t i o n  d i s t r i b u t i o n c u r ve 
i n d i ca t e  i n a deq u a te o r  i n fe r i o r pe r fo rman ce . 
C O : ! IJ E RG H! C E  TESTS 
G e n e r i c C l a s s i f i ca t i on 
f\mp . o f  Co n v . ( t JP C )  
Re l a t i ve Co n v . /\mp . 
Re a c t i on T i me 
r.e 1 a t  i ve (A r 1J 
D i s t a n ce Rock 
P h  or i a s  
F i xa t i on D i s p a r i ty 
f,C C O l '.l \O DA.T I V E T E S Y S  
Ty re I I G e n e r i c C l a s s i f i ca t i o n 
X /\mr . o f  Acc . ( l !P/\)  
X Re l a t i ve /\c c .  Te s t s  
X Re a c t i on T i me 
X Re l a t i ve (Ark)  
- ·----- -·--
X D i s t a n ce Rock 
------��·---
\! /\ C ros s cy l i n de r Te s t s 
Dy n am i c P,e t i n o s cory 
Con v . T ra ck i n g � ��J�� H i gh : ie u t ra l  
Re l a t i ve X I 
I n t � r ac t i on C _, A  �==-1-x -� (Con ve rgence-acco!llllodat l on ) 
Lm,i t Je u t ra 1 
I I  Dy 
/\.c c .  T r a ck i n g 
P.e l a t i ve 
Ty p e  I Ty pe 1 1  
x 
--�-x ------ ---�- - --·-
y I --�---·- -----x 
x 
---·�- · ...._+.---·-
x 
x ------ -----
x 
y , , 
x i 
I n t e r a c t i on 1\ -7 C  
(Accommoda t i ve-conve rgen-ce) 
l� x 
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Ta b l e  I I :  S e r a ra t i o n  o f  g e n e r i c  c l a s s e s  o f  a c commo d a t i ve a n d  con ve rg e n ce t e s t s  
i n to Ty r e  I a n d  Ty re I I  ca t e g o r i e s . T y p e  I t e s t s  i n c l u d e  t h o s e v1h e re t h e  s c a l i n g 
o f  t h e  pop u l a t i o n d i s t r i b u t i on i s  a co n t i n u um f rom i n fe r i o r to s upe r i o r  pe r fo rma n ce .  
Tvne 1 1  t e s t s  a rc t ho s e  1-1h c re i n  b o t h  e n d s  o f  t h e  pop u l a t i o n  d i s t r i b u t i o n c u r ve 
i n d i ca t e i n a de q ua te o r  i n fe r i o r  pe r fo rman ce . 
C O � ! IJ E RG H! C E  T E S T S  
G e n e r i c  C l a s s i f i ca t i o n 
/\mp . o f  C o n v . ( t JP C ) 
Re l a t i ve Con v . Amp . 
Re a c t  i o n T i me 
D i s t a n ce Ro ck 
Ph o r  i a s  
F i xa t i on D i s p a r i ty 
Con v .  T ra ck i n g 
Re 1 a t  i ve 
I n t e r a c t i o n C -t /\ 
Ty re Ty r e  I r  
x 
- - ------
x 
---------· 
x 
" ,, 
x 
x 
" A 
x 
( Con ve rgen ce -a cconmoda t fem )  
f\ C C Ol 1 1 10 D/\T I V E T E S Y S  
G e n e r i c C l a s s i f i ca t i o n 
/l.mr . o f  Acc . ( ! ! Pt1 )  
Re l a t i ve Ac c .  Te s t s  
P,e a c t  i on T i me 
Re 1 a t  i ve (r1 r k ) 
D i s t a n ce Rock 
C ros s cy l i n dc r Te s t s 
Dy n am i c P.e t i n o s cory 
H i g h ti e u t r a l 
Loht t ;e u t  ra 1 
!! Dy 
/I. c c .  T ra c k i n g 
Re l a t i ve 
Ty p e  Ty pe 1 1  
x 
" /\ 
--- c-·---·-
x -.. --- -r--·--
x ---·-!--·----
v , ,  
v /\ 
-- -- ------
x 
x 
x 
x 
-----� -·----
x 
I n t e r a c t i on /\ -t C  X 
(Accommoda t i ve-conve rgeilce) 
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T ra n s fo rma t i o n o f  s t a n d a r d  s co re s  to the f i ve po i n t s co r i n g s y s t e m  t h us 
b e comes b o t h a f i ve a n d  a n  e i g h t  po i n t s ea l i n g s y s t em . Fo r f i n d i n gs s how i n g 
a con t i n u um f rom roo r t o  s up e r i o r pe rfo rma n ce a f i ve po i n t s ca l i n g i s  a ch i eved 
f rom t h e s t a n d a r d  s co re s . I f  h y po a n d  h y pe r a c t i v i t y a re con s i d e r e d  t h e n  
t h e  s ca 1 i n g  d i  f fe rc n t  i a te s  a n  e i g h t  po i n t s e a  l e , name l y  s upe r i o r (Lf· po i n t s ) , 
no rma l ( 3  po i n t s ) ,  hy po f u n c t i on i n g  ( 2 , l ,  0 po i n t s ) , ;:i n d  hy pe ra c t i v i ty (2,  1 , 
0 po i n t s ) . A p l u s s i g n fo r hy pe r a c t i v i ty a n d a m i n us s i g n  fo r h y poa c t i v i ty 
fo r th e f i n d i n g s  i s  used to tab u l a te the f requency of the i r occu r rence . 
Emp i r i c a l l y ,  t h i s  s co r i n g  p ro c e d u re fo r d e v e l op i n g a n  i n d e x  s co re h a s 
p r ove d s a t i s f a c t o ry a n d  m u ch l es s  comp l ex t o  u s e  t h a n  h a v i n g to us e va r i ous 
s i g n  con ven t i on s  t o  d i f fe r e n t i a t e Ty r e  I and Ty pe I I  f i n d i n g s e ts . Th i "s 
s y s t em h a s  b e e n  des i g n e d  s o  t h a t  n o t  a l l  tes t s  h a ve t o  be a dm i n i s t e r e d  i n  
o r de r t o  g e t  a re l i a b l ri  i n d e x  s co re . 
C a l c u l a t i o n o f  I n dex S c o re s  
To c a l c u l a te t h e  a c commoda t i ve , o r  con ve rg e n ce , i n dex s co re , s um t h e  
s co re co l umn a n d  d i v i d e by t h e  n umbe r o f  t es t s  us e d  a n d  mu l t i r l y  b y  t e n . 
. ·. A c commod a t i ve I n de x  S co re == !:: s co res x 1 0  
t·! umb e r  o f  t e s t s  
S ub s co re s  fo r /\mp l i t ude ( Ra ) , Pos t u ra l  ( P a ) , !1 c comr.10 d a t i vc F a c i l i ty ( F a ) , 
e t c . , may b e  s i m i l a r l y c a l c u l a t e d  to i de n t i fy s u Lrs c o r e s  f o r  d i f fe r e n t rc r-
fo rma n cc aihd tes t pa ramete rs . 
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I ns t ruct i on s  an d Commen ts fo r Comp ut i ng Accommoda t i ve I n dex Score 
On l y  i n  un us ua l c i rcums tances wou l d a c l i n i c i an take a l l of  the 
accommoda t i ve tes ts shCMn on the Ra t i ng Sca l e  Shee t . An adequate i ndex 
s core can be computed f rom any reasonab l e  bat tery wh i ch s amp l es each 
acco1Tmoda t i ve s ubset o r  pe rforman ce a rea . The theo ret i ca l l y  max i mum 
s co re wou l d  be 40 po i n ts . S uch a s co re wou l d  res u l t i f  a l l tes ts meas u red 
we re s cored as 4 po i n ts  each . Depen d i ng on the ba t te ry of  tes t used the 
i ndex s co re gene ra l l y  has a top s core of about 35 po i n ts .  
D i s tance Re frac t i on : 
1 .  I ns e r t  the 1 1P 1 1  va l ue s ph e re comb i ned w i th the b es t meas u rab l e  cy l i nde r 
and ax i s  i n  the s pace p rov i ded .  
2 .  H Rx - P = Hab i t ua l  p res c r i p t i on for d i s tance s ee i ng mi n us  1 1P 1 1 •  Use 
s phe r i ca l  eq u i va l ent  when i nd i ca te d .  
3 .  1 4B - H Rx == B i nocu l a r  c ros s cy l i n der  tes t ( 1 48 )  taken a t  1 61 1 m i n us the 
hab i tua l p res c r i pt i on for nea rpo i n t .  
Amp l i t ude o f  Accommodat i on (Ra )  
Use  app rop r i a te mean a n d  s tandard devi a t i on for the  s pe c i f i c c l i n i ca l  
amp l i tude tes t used . S co re acco rd i n g  to age and  dev i a t i on .  
Accommoda t i ve Pos t u re ( Pa ) 
1 .  S t 4B an d s _ 1 48 = S l ope of  accommod a t i ve res ponse  unde r b i nocu l ar cros s ­
cy l i n de r con d i t i ons . M i n us s i gn i n d i ca tes f i nd i ng s ta r ted f rom ]a 
p reset . When nea r f i nd i ngs  a re t aken a t  mo re than two d i s tan ces then 
ave rage the s l opes f rom a l l data po i n ts by g raph i ng or ca l cu l a t i ons . 
2 .  Dynami c Ret i nos copy 
a .  MEM 1 6 "' Monocu l a r es t i ma te method a t  1 6  i nches . I nd i cate i n  empty 
pa ren thes i s  ( ) , the tes t ca rd and/o r acu i ty s i ze of ta rget . 
b .  SMEM and S LN = S l ope of  accommoda t i ve res ponse un de r  the HEM dyn ami c 
ret i nos copy and l CM  n e u t ra l  dy nam i c re t i nos copy res pect i ve l y .  
c .  SHdy = S l ope o f  accommodat i ve res ponse  as meas u red  by he te ro­
dyn ami c re t i nos copy . (A l s o ,  ca l l ed Be l l Re t i nos copy . )  
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3 .  Any oth e r  p roce d u res for meas u r i n g  accommoda t i ve pos t ure (same gene r i c 
c l as s  of  tes ts ) may be s ubs t i t uted i f  popu l a t i on s ta t i s t i cs ,  re l i ab i l i ty 
an d cor re l at i ons w i th oth e r  tes ts a re known . 
Accommodat i ve Fac i l i ty (Fa ) 
1 .  C l i n i ca l  no rms fo r pos i t i ve and nega t i ve re l a t i ve accommoda t i ve amp l i tude 
f i n d i n gs at s i xteen i nches a re p rov i ded fo r s co r i ng the # 1 9 , 20 , 2 1  and  
HN (h i gh neut ra l ) dynam i c ret i nos copy . Pos i t i ve re l a t i ve amp l i t ude a t  
20  fee t cou l d  b e  added when i nd i cate d .  A s  a c l ose  app rox i ma t i on the d i s ta n ce 
pos i t i ve re l a t i ve amp l i t ude l s  about two-th i rds as g reat  as the #20 comp l ex 
w i th app rox i mate l y  the s ame PE . Symbo l s  us ed on Rat i n g Sca l e  w i t h re l a t i ve 
a ccorrrnoda t i ve tes ts a re : 
B = f i rs t b l u r on  20/20 l et t e rs . 
BO = b l u rout on 20/20 l e t te rs 
R = re cove ry of  l eg i b l  1 1  ty or re adab i 1 i ty of  20/20 l e t te rs fo l l aw i ng 
b 1 u rout . 
2 .  Obj e ct i ve h i gh neut ra l ret i nos copy fo r meas u r i ng nega t i ve re l a t i ve 
accommodat i on i s  shown for the #5 f i nd i n g  (PU-OEP )  o r  by the s l ope 
o f  res ponse  ( SHN ) when taken a t  anoth e r  d i s tance (s ) .  
3 . Accommodat i ve React i on T i me :  
a .  P l us (b i n . ) = b i nocu l a r  accommodat i ve rock us i ng p i ano  a n d. +2 . 00 
s phe res w i th 20/20 l e t te rs meas u red i n  cy c l es pe r m i n ut e .  
b .  M i n us (b i n . ) = a s  i n  1 1a 1 1 w i th  -2 . 00 s pheres . 
c .  D i s t .  Rock = monocu l a r  d i s tance rock us i ng 2 0/20 l et te rs a t  20 1 
and 1 6" meas u red i n  cy c l es pe r m i n ute . 
Accommoda t i ve Track i ng (At ) 
Accommoda t i ve t rack i ng fo r e i the r n orma l s t i mu l us t rack i ng o r  re l at i ve 
t rack i ng \-las not  i n c l uded because of the  i nadequate c l i n i ca l  tes ts  n<M 
ava i l ab l e  for quan t i tat i ve meas u rement . Dyn am i c re t i nos copy can be  used 
for q ua l i tat i ve t rack i ng by movi ng  the re t i n os cope and  ta rget p rox i ma l l y -
d i s ta l l y  wh i l e the pat i en t  i s  con t i n ua l l y  read i ng .  
� 
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I ns t ruct i ons and  Comme n ts fo r Comp u t i ng Con ve rgen ce I n dex S co res 
Score data fo r each f i nd i ng wh i ch has bee n  secu red  i n  any g i ven case . 
P roceed s i m i l a r l y to s co r i ng accommodat i ve f i nd i n gs . Symbo l s  used  
i mmed i ate l y  a f te r  g i ven tes t :  
K = b reak f i nd i ng (d i p l op i a ) i n  nea r po i n t  of  conve rgen ce and  
duct i ons . Los s  of  b i nocu l a r  f i xa t i on .  
B = F i rs t  s us ta i ned b l u r 
BO o r  0 = b l u rout us i ng 20/20 a cu i ty as d i s c r i m i n a to ry tas k .  
R = recove ry o f  b i nocu l a r  f i xa t i on i n  duct i on and  ne a r  p o i n t  o f  
con ve rgen ce tes ts . 
Fxd = f i xa t i on d i s p a r i ty 
S ( ) = S l ope o f  conve rgence res ponse o f  tes ts s hown i n  paren thes i s .  
Amp l i t ude o f  Conve rgence ( Re} 
Normat i ve data  was obta i ned  by us i ng a l um i nous oph tha l mos cope b u l b for 
a f i xat i on t a rge t .  I n  the cas e o f  a s t rab i s m i c ,  whe re a l i m i ted range o f  
b i nocu l a r f i xa t i on i s  p resen t ,  the amp l i t ude i s  computed i n  mete r ang l es by 
s u b t ract i ng the p un ct um p rox i mum from pun ctum remotum o f  con ve rgence . I n  
s uch a cas e use the fo l l ow i ng sys tem for s cor i n g .  
S co re fo r B reak i n  Me te r Ang l es :  
3 po i n ts = 2 . 5  � . 7u = 1 6  MA Range 1 2 . S  to 22 MA 
2 po i n ts = > 1 P E  = < 1 2 .  S MA 
po i n t  = > 2 P E  = < 1 0  MA 
0 po i n  ts = > 3 P E = < 8 .  7 MA 
S co re fo r Re cove ry i n  Mete r Ang l es 
3 po i n ts = 4 1 1 � l .  7" = 1 0  MA , Range 1 7  to 7 MA 
2 po I n ts = > 1 PE  = < 7 MA 
poi n t  = > 2 P E  = < S .  4 MA 
0 po i n  ts = > 3 PE = < 4 .  4 MA 
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Conve rgen ce Pos t u re (P c) 
1 .  S ( 8 , 1 3B ) , ( 8 ,  l SA) , ( 8 ,  ! S B )  = s l ope o f  conve rgen ce res pons e  as 
meas u red  by the g t ven phor i a  sets . Ave rage s l opes of  data taken a t  
th ree o r  more d i s tan ces . 
2 .  Fxd � f i xa t i on d i s pa r i ty .  No mean and  p robab l e  e r ro r  a re shown s i n ce 
there i s  n o  s i ng l e s tanda rd i zed tes t used . S ubs t i t u te pop u l at i on 
s ta t i s t i cs fo r tes t adm i n i s te red . 
Con ve rgence Fac l l i ty ( Fe) 
1 .  Norms fo r f i rs t  b l u r and  b l urout a re both shown fo r duct l on f i n d i ngs as 
i nd i ca ted by symbo l s  1 1B 1 1 and  1 10 1 1 •  
2 .  S l ope of  the d uct i on s  a re not  s hown i n  rout i ne s co r i ng .  They can be 
added when i nd i ca ted . See PU  norm s heet fo r va l ues . 
3 ,  Re l a t i ve convergence react i on t i me i s  meas u red w i th  the P r i s m  Rock Tes t 
us i ng 8� BO and  86 B l  p r i s ms .  
4 .  D i s tan ce Rock b i nocu l a r l y i s  us ed for con ve rgence react i on t i me by 
i ns t ru c t i ng pa t i e n t  to read one 20/20 l e t te r  at 20 ' and 1 61 1  
s ucces s i ve l y  as  rap i d l y  and  accu ra te l y a s  h e  can . S co red i n  cyc l es 
pe r m i nute . 
5 .  B i nocu l a r  moto r f i e l d rep resen ts l a te ra l  exten t of conve rgence react i on 
to b reak  and  recove ry . 
Conve rgence T rack i ng ( C t ) 
No f i g u res a re g i ven fo r conve rgen ce t ra ck i n g on the ra t i n g f o rm beca u s e  n o  
q u an t i ta t i ve c l i n i ca l  tes t s  a re read i l y ava i l ab l e  fo r cl i n i ca l  us e .  Seve ra l  
q ua l i tat i ve tes ts a re us e d .  Qua l i t a t i ve conve rgence t rack i ng i s  ro ut i ne l y 
obs erved on the nea rpo i n t o f  con vergence tes t .  I f  no f l i cks a re seen between 
the recove ry po i n t  and s i xteen i nches when t rack i ng the f i xa t i on l i g h t  
p rox i ma l l y  and  d i s ta l l y , s co re 3 .  I f  more than two f l i cks a re con s i s ten t l y  
obse rved w i th  e i the r a p roxi ma l o r  d i s ta l  movemen t ,  s core 1 .  I f  the obs e r­
va t i ons a re not  made , l e ave b l an k .  Qua l i ta t i ve l y ,  t rack i n g can be made 
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w i th the B rock S t r i n g tes t o r  va r i ous f i xa t i on d i s pa r i ty t es ts .  Re l a t i ve 
conve rgence t ra ck i ng may b e  de te rm i ne d  by l a te ra l p r i s m  tes ts  comb i ne d  w i t h  
f i xa t i on d i s p a r i ty t a rge t s  o r  t rombon i ng a s te reos cope d i s p a ra to r  w i t h  
s u i ta b l e  h a l fv l ews . S co re 3 i f  no rma l a n d  1 i f  j udged a b n o r ma l . 
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C L I N I CAL  SAMP L E  O F  I NDEX S CORE  D I STR I BUT I ON 
Two s tu den t p roj ects , one by Fue rs t ,  Hag u i  re an d Ha 1 ve rson 1 and  a 
second by Dunka and  McC rum2 used th i s  s cor i ng sy s tem to dei!'"eYm l ne an 
i n dex s core fo r accommodat i on and conve rgence . One h un d red-twen ty n i ne 
cas es we re d rawn random l y  f rom the c l i n i c  f i l es to deve lop  a p re l i m i na ry 
samp l e  o f  accommodat i ve and  conve rgen ce i n dex s cores . The f i rs t  1 29 
cases  d rawn meet i ng the fo l l <M i ng c r i te r i a  we re use d  to deve lop  the 
data p l o t ted i n  F i g u res 1 and  2 .  Age was l i m i ted  to 1 5  to 35  years , 
d i s tance re f ract i on : s ph e re e q ua l to or  l ess  than !2 . 00 D . , cy l i n der  I n  
one or both eyes eq ua l to or  l es s  than 0 . 75 D . , an i s ome t rop i a  eq u a l  to 
or  l es s  than 0 . 75 D . , v i s ua l  acu i ty i n  each eye w i th bes t re f ract i on eq ua l 
to or  bet te r  than 20/20 ; n o  s t rab i smus pas t o r  p resen t , no v i s ua l  t ra i n i ng 
or  orthop t l cs w i th i n  pas t two yea rs , and no  e�i den ce of  ocu l a r pa tho l ogy 
pas t or p resen t . 
Th i rteen  tes t s cores we re used  to compute the accormiodat i ve I ndex 
s co res shown i n  F i g u re 1 .  These s co res we re de r i ved f rom the monocu l a r  
c ross cy l i nder  f i nd i ng a t  s i xteen i nches ( 1 4A) , the b i nocu l a r  c ros s 
cy l i n de r tes t ( 1 48) , and the pos i t i ve or  nega t i ve re l a t i ve amp l i tude 
f i nd i n g s  ( 1 9 , 20 , 2 1 ) .  Ne i the r an accommoda t i ve rock tes t ( re l a t i ve 
react i on t i me )  o r  a push up amp l i t ude we re i n c l uded i n  the computat i ons . 
The f i nd i ng sets s cored we re ( 1 4A - 7a ) , ( 1 48 - 7a ) ,  ( 1 4A - 1 48 ) , (2080 - 7a ) , 
(20 R - 7a ) , (2 1 80 - 7a) (2 1 R  - 7a ) , (2080 - 2 1 80 ) , (20 R - 2 1 R ) ,  {20R - 1 48 ) , 
(2 1 R  - 1 48 ) , (S - 4 )  and  ( 1 9  - 7a ) .  
Th i r teen conve rgen ce- d i ve rgence c l i n i ca l  tes t s cores we re used to comp ute 
the con ve rgence i n dex s co re f rom th i s  samp l e  of  1 29 cas es . Thes e i n c l ude 
the d i s t an ce and  nea r ( 8 ,  1 3B )  pho r l a  through  the d i s tance s ubj ect i ve 
re f ract i on ,  the base  i n  p r i s m duct i ons  to b reak  and  recove ry a t  nea r  and  f a r  
{ 1 1 ,  1 78 ) , t h e  base out  p r i sm duct i on t o  b reak  a n d  recove ry a t  fa r an d 
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nea r ( 1 0 ,  1 6B ) , the nea rpo i n t o f  conve rgen ce to b reak and recove ry 
(NPC-K  an d R) and nea r�fa r�nea r b i nocu l a r  f i xa t i on s . 
The th i rteen conve rgen ce sets  use d  i n  ca l cu l at i ng the i n dex s core 
d i s t r i b u t  i on I n F i g u re 1 11 we re : (8) ,  ( 1 3 B ) , ( ! O K) , ( l OR ) , ( l l K) ,  ( l l R ) .  
( 1 6 K) , { 1 6 R) , ( 1 7K) , { 1 7 R) , (NP C- K) , ( NPC-R )  an d (N -F-N f i x . ) .  
Pe rcen t i l e  cumu l a t i ve f req uen cy cu rves of  accommoda t i ve and  con ve rgen ce 
i ndex s co res  a re p l otted i n  F i g u res 1 and  2 .  Ca l cu l a t i on of the data  i n  
th i s  form a l l ows any s co re to be p l aced  on a s ca l e f rom one to one h un d re d .  
S i n ce th i s  i s  a c l i n i ca l  s amp l e  I t  i s  n o t  known how much th i s  s amp l e 
m i gh t  va ry f rom a ran dom popu l a t i on s amp l e . P as t  expe r i ence w i th s tud i es of 
i nd i v i dua l f i nd i ngs s ug ges ts the d i ffe ren ces wo u l d  be s ma l l . The e f fect  
of us i ng d i ffe re n t  b a t te r i es or  sets  of tes ts from those l i s ted on the ra t i ng 
s ca l es i s  not known . These l as t  two p rob l ems need s t udy . I n  add i t i on to 
the l as t  two p rob l ems , the change i n  i ndex s co res w i th a ge i s  not known . 
The d i f fe rences I n  the med i an i ndex s core I n  F i gu res 1 and  2 fo r 
accorrmodat i on (22 -23 )  and  con ve rgen ce (26 )  i s  exp l a i ned  by the  n umbe r of 
pos s i b l e 3 and  4 po i n t s cores . O f  t he 1 3  accormioda t i ve tes ts 10  h ad a top 
s core of 3 ,  and  3 tes ts had  a top s core of 4 .  The theoret i ca l  pos s i b l e  i n dex 
s core fo r accommoda t i on wi th these  f i n d i ngs  becomes 32 ( 1 0  x 3 pts . + 3 x 4 
pts . � 1 3 ) .  Fo r conve rgen ce t he theo re t i ca l  poss i b l e  s co re t s  
38  ( 1 0  x 4 p ts . + 3 x 3 p t s . : 1 3 ) .  Emp i r i ca l l y  the top accommodat i ve i ndex 
s core was 31 out of  32 po i n ts poss i b l e .  For con ve rgen ce , 35  po i n ts out of 3 8 .  
I f  a l l the conve rgence tes ts ( N  = 43 ) , s hown o n  t h e  rat i ng s ca l e  shee t 
were ave raged , the t heo ret i ca l  top i ndex s core l s  38 .  I f  a l l accomnoda t i ve tes ts 
(N = 3it ) s hown we re ave raged , the theo re t i ca l  top s co re I s  36 . For a ve ry 
p re c i s e  res ea rch , a we i gh ted s co r i ng sys tem wou l d  be used when compa r i n g  
i ndex s cores f rom two d i ffe ren t bat te r i es o f  tes ts wh i ch have d i f fe ren t top 
theo ret i ca l  I ndex s cores . 
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Ac commoda t i ve I n dex S ccre� for a pop u l a t i on o f  1 2 9 ra n dom l y  d rawn c l i n i ca l  cas e s  p l o t te d  
i n  f req uency o f  occ u r rence us i ng pe rcen t i l e s ca l i n g o n  ve r t i ca l  a x i s .  S ee text fo r 
c l i n i ca l  f i n d i n gs  us e d  i n  ca l c u l a t i on o f  i n de x s co re . 
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Con ve rge n ce I ndex S core s  fo r a pop u l a t i on o f  1 2 5  ran dom l y  d rawn c l i n i ca l  cas e s  p l o t te d  
i n  f req uen cy o f  occu rrence us i ng pe rcen t i l e  s ca l i n g on ve r t i ca l  ax i s . See tex t  fo r 
c l i n i ca l  f i nd i ngs  used i n  c a l c u l a t i on o f  i n dex s co re .  
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SUMMARY 
No rma t i ve ana l y s i s  as deta i l e d  i n  th i s  l e c t u re s upp l emen t  may be 
s umma r i ze d  i n t o  the fo l l ow i ng s teps . 
1 .  Compa re each i n d i v i d ua l  c l i n i ca l  f i n d i n g t o  t he pop u l a t i on mean o r  
me d i an by de te rm i n i n g the magn i t ude o f  the dev i a t i on .  
2 .  Conve r t  the c l i n i ca l  dev i a t i on f rom the pop u l a t i on mean to a s t a n d a r d  
s co re b y  d i v i d i n g by the p robab l e  e r ro r  o f  the d i s t r i b ut i on .  
3 .  An a l yze and g ro up t h e  s ta n da rd s co re dev i a t i on s  I n to s e ts  by the  po i n t  
s y s tem wh i ch d i f fe ren t i ates pe rforman ce i n t o  s upe r i o r ,  n orma l , hypoact i ve 
a n d  hyperact i ve categor i es . I n d i cate hy pe r o r  hypoact i v l ty by us i n g 
p l us and m l  n us s l g� res pe c t i ve l y . 
4 .  An a l y ze the  s e t s  f o r  known c l i n i ca l  "pa t te rns " o f  dy s fu n c t i on s  o r  
phys i o l og i ca l  a b n o rma l i t i es . 
5 . Comp u t e  t h e  accommod a t i ve a n d  con ve rgence i n de x  s co res f rom t h e  s tandard  
scores . 
To e s t i mate the f re q uen cy of a g i ve n  c l i n i ca l  f i nd i n g ' s  de v i a t i on re l a t i ve 
to the popu l a t i o n  d i s t r i b u t i on when t he a c t ua l f reque n cy d i s t r i b ut i on o f  the tes t 
i s  not  a va i l ab l e  as s ume the t es t s co res form a n o rma l d i s t r i b ut i on c u rve . D i v i de 
the s ta n d a rd s co re comp u ted f rom the p robab l e  e r ro r  by 1 . 5 .  Th i s  conve r t s  the 
accommoda t i ve a n d  con ve rgen ce s ta n d a rd s co res i n to the u s ua l 1 1Z"  s core . Look 
up t h e  a re a  from the mean to the tes t s co res dev i a t i on un de r the n o rma l c u r ve 
f rom any s ta n d a r d  s ta t i s t i ca l  t ab l e  fo r "Z 1 1  s co res (� . Ta b l e  l � I  shows the 
er 
approx i ma t e  p e rcen tage o f  cases f rom t h e  mean a n d  t he rema i n i n g pe rcen tage o f  
cases i n  o n e  ta i l  us i ng p robab l e  e r ra'S f rom t h e  mean . Tab l e  I I  I a s s umes a no rma l 
d i s t r i but i on . 
@ 
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TABLE 1 1 1  
Dev i a t  i on f rom Pe rcen tage Pe rcen tage 
Me an f rem Mean i n  ta  i 1 
0 0 50% 
P E  2 5 %  2 5 %  
1 .  5 P E  ( l e'- )  34% 1 6% 
2 P E  4 1 % 9% 
3 PE cz v )  4 7 .  7% 2 . 3% 
4 P E  49 . 6% . 4% 
5 P E  49 . 9 5% . 05 %  
The I n dex Scores red uce t he s e t  of  a ccommoda t i ve a n d  conve rgence c l i n i ca l  
tes t s  i n to a s i ng l e  n ume r i ca l  va l ue for each sys tem . Th i s  too l s hou l d  p rove 
va l ua b l e  for l ong i t ud i na l  s t ud i es of thes e sys tems . I ndex s cores may be  used 
to eva l uate be fo re and a fte r e ffects f rom wea r i n g va r i ous k i n ds of l enses , 
home and  o ff i ce t ra i n i ng ,  d rug t he rapy , and p res c r i bed env i ronmenta l changes and 
act i v i t i es . Perh aps of  g reate s t  theo re t i ca l  i mportance i s  the pos s i b i l i ty to 
co r re l a te s pe c i f i c  fo rms of accommodat i ve dy s f un c t i on s  w i th a w i de range of 
env i ronmen t a l beha v i o rs whe re we h a ve a reason a b l e  expectan cy fo r a f un c t i ona l 
re l a t i on s h i p .  J ames Ned row3 i n  h i s  Mas te r ' s  thes i s  has s hown tha t  ch i l d ren i n  
the l owe r q ua rt i l e o f  read i ng pe r fo rman ce have a s ta t i s t i ca l l y poo re r 
a ccommoda t i ve i n dex s co re f rom those i n  the uppe r q ua r t i l e of read i ng 
performan ce . 
H . M . H .  
O ctobe r 1 974 
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Thes i s , 1 960 , Pac i f i c U n i ve rs i ty L i b ra ry .  
3 .  Ned row , J ames Le roy , A Compa r a t i ve S t udy o f  Accommod a t i ve Pe r forman ce i n  
a S e l e c ted  G roup o f  Good a n d  Poor Reade rs , un p ub l i s h e d  Mas te r ' s Thes i s ,  
1 9 70 ,  Pac i f i c  Un i ve rs i ty .  
S I Grl-OFF P_ROCEDURES 
in order to en te r Paci f i c Un i vers i ty ' s Ti me-shared BAS I C  sys tem , i t  i s  
n�cessary to supp l y  the system wi th a te rmi na l numbe r , account code , 
a.n..d password .  A use r shoul d  fi rs t es t ab li sh a connect i on w i th the computer 
,�.�her by tu rn i ng on a hard w i red te rmi nal or by cal l i ng the computer 
, ninbe-r on the te 1 ephone. 
To eonnect a h ard w t  red termi nal , turn the knob on the r i gh t  f ront 
d,f the te rm i na l f rom 1 1off1 1 to 1 1 1 l ne1 1 i f  t he termi na l i s  a tel etype . 
ff the -te rmi nal i s  the Exeeupo rt , the "powe r on1 1 swi t ch i s  on the 
back" r i gh t  of the te rmi na l as you face I t ;  push i t  and the "READY" 
ligh t on the l e ft f ron t  of the te rmi na l shou l d  g l <M  • 
._ ; .•. ,; ... · -· 
To. es tabl i sh a connecti on us i ng the te l ephone , f i rs t - turn on the 
·i�rml nal as i n  the above i ns t ruct i ons . Turn the te l ephone coup l e r  
"•v i ce on (th i s  i s  automat i c on the Execupo rt) , and p l ace the te le-
' phone hand _set i n  the coup l e r
_
·. devi ce (bei ng careful to
. 
pet . th 
. . 
e
. 
cord 
end i n  the cor rect pos i t lon as i nd i cated on the �up l e r) . """ Tl'Jen 
cal l  one of the fo 1 1ow i  ng campus extens I ons; J8l o r  333;. . ,.,._,,. . ' .  
�Qup l er or termi n a l  i nd i cator shou l d li ght when the te rmina l and 
�mpllter are p rope r l y connected and ready to use . 
Afte r es tab l i sh i ng connectl �n ,  the user shou l d push the es cape (ESC) 
key to i n i t i ate si gn- i n  p rocedures . (On some te I etypes , .  the escape 
key I s  l abe l ed ALT MODE . )  The computer wi l . 1  respond w i t h  the s i gn- i n  
mess age and make the que ry , TERMI NAL? The use r shou l d  respond to 
th i s  q·uery wi th the name of the termi na l  he i s  us i ng .  Th i s  name 
shoul d be pos ted nea r the te rmi nal . (Some te l e types a re equ i pped 
to th i s q ue ry  automat i ca l ly . I f  so , the use r s houl d proceed to the 
next s tep . )  
Al l responses to t he coq>ute r  shou l d  be ended by push i ng the c�rrf age 
return key (1 1CR1 1 or 11REtURN':' ) .  
The next q uery i s  ACCOUNT? to wh i ch the use r types his account nunbe r .  
Th e  account n""1be r w l  1 1  not be p r i nted 'as I t  I s  typed . The eo•ute r 
t hen asks PASSWORD? The user shou l d  respond w t  th h i s  password 9  wh i ch 
a l so wn 1 not be echoed . I f  the account nud>e r and password were not 
typed . cor"rectly , the computer w 1 1  l respond I KVAL I D . EHT Rt ES and s I gn 
s i gn-o ff . The . use r  s houl d r�spond wt th the ESC key to t ry  agai n .  
I f  the account i ng number and password a re correct , t he computer w l  1 1  
respond HELLO , fo l l owed by the use r ' s name , the mess age of the day ,  
and •READY . At . th i s po i nt the use r i .s s t  gned i n  and rnay p roceed w i t h 
h i s s tatements or commands unde r BAS I C . 
I f  the use r f s  us l 11g a h a l f  .. dupl ex te l etype , h r s  responses w i l l  
be typed tw i ce .  That i s , every l et te r  _the use r  types wt  1 1  be 
p r i nted tw i ce f n  a rrYrtl. To I nform the · coq,ute r that t he te rm i n a l 
I s  h a l f - dup l ex ,  a fte r the use r  has s i gned I n  - as exp l a i ned above 1 he 
shou l d  type the command HAL F.. To ret u rn to fu l l dup l �x ,  the use r 
l'l\1lY type the command FULL.  
When the t e rm i na l sess i on i s  eOq> ) eted ,  the use r  shou l d type the 
command , BY E .  Th i s  mus t be done be fore re l eas i ng the con.nectf ori 
w i th the compute r to"i'iiiure that the next use r does no t ope rate 
unde r  your account .  The compute r wt 1 1  respond w i th the n&nbe r of 
CPU seconds that you have used du r i ng the termi nal  ses s i on .  
I 
LET 
SUMMARY OF BAS I C STATEMENTS 
Set s  a var i ab 1 e to the va 1 ue of a n  express I on . (Th I s  wo rd I s  opt i ona 1 .  
I f  np c:onwnand appears on a l i n e ,  LET i s  assumed . )  
Examp l es :  1 11  LET A-4 . 1 7+G or 1 11  A$•"CHARACTERS" 
I F  Trans fe rs prog ram con t ro l  to anothe r s tatement unde r  a speci f i ed con­
d i t i on .  Executes a s tatemen t unde r  a s peci f i ed condi t i on . 
Examp l es :  211 I F  8<3 . 1 4/S I N (X) GOTO l flfl  
211 I F  8< 3 . 1 4/S I N (X)  GOSUB 1 •11 
211 I F  8<3.  1 4/S I N (X) THEN PRI NT 1 1ERROR" 
GOTO Trans fers con trol to another s tatemen t .  
PR I NT 
Examp l e :  . 311 GOTO 1 811 
Can be . used 
Examp l es :  
pri nts 
to pr i n t  bo th l i te ra l  s t ri ngs and the val ues o f  va r i ab l es .  
l" LET 1•3.  1 4  
211 LET J•4 5 
311 PR I NT uANSWERS-u ; I ,J , I *J 
ANSWE RS• 3 . 1 4  45 1 41 . 3  
(The word PR I NT may be s ubs t i tuted by the semi -co l on " ; "� Thus , 
111 PR I NT "HE LLO" and UJ ; "H ELLO" a re equ i va l en t . ) 
D I H  To en ter a 1 i s t  or a tab l e  wi th a subs c r i p t  g reater tha n 111 , a D I M  
s tatemen t i ns t ructs the sy stem to save s uff i ci en t  room fo r the l i s t  
or tab l e. 
Examp l es : 2(1 D I M  H ( 35) 
35 D I H Q ( 5 , 25) 
4- D I H  A$ (49) 
The f i rst  wou l d  make poss i b l e  a l i s t  of 36 i tems , the second a tab l e  
of 6 by 26 , and the thi rd a n  a rea for cha racters ( l i tera l s )  4J cha r· 
acters l ong . (Max i mum for any d i mens i on t s  256 , max i mum tot a l  i s  1 824. ) 
READ Read from a DATA def i ned l i s t ,  and a ss i gn val ues to the va r f ab le l i s t  
i n  sequen t i a l  o rde r .  
DATA 
.. __ 
Def i nes a - l i s t 
Example : 
pr i n ts 
of numbers to be used as i nput to a READ s tatement .  
U J  READ A , B , C  
211 PR I NT A , B , C  
38 DATA 4 . 5 , 6 , 1 . 71 E7 , 4 1  
4 . 5  6 1 . 71 E+7 
REM A remark s tatement. 
FO R Se ts up an d executes a l oop wh l ch i s  def i ned as a l  1 s tatements be tween 
the FOR an d the co rres pond i ng N EXT s tatemen ts . 
C l oses the l oop 
Examp l e :  
set up by t he FOR s tatement.  
4(1 FO R 1•1  TO 1 11  STEP . •  5 
58 LET S•S+ I 
6(1 NEXT I 
I f  S"4 when the l oop i s  begun , S w i l l  equa l 1 ,4 . 5  when con t ro l  pass es 
to the stateme11 t fo l I G-J l ng s ta temen t 6g . I f  a STEP i s  not g i ven , 
STEP 1 i s  assumed . 
. 
-, 
I NPUT Wi 1 1  reques t the I np u t  from the TTY keyboard by t yp i. ng 1 1?11  for e ach 
va r i ab l e .  
Examp l e : 1 �  I NPUT A , B , C 
ON ,GOTO I f the va r i ab l e  spee i f i ed•1 , 
ON , GOSUB 
I f  the var i ab l e  spec l f l ed•2 , 
Examp l e :  l j  L ET Xa3 
con t ro l  i s  passed t o  the f i rs t  s ta temen t  
numbe r I n  t he l l s t .  
con t rol i s  passed t o  t he second s tatement 
number I n  the l i s t ,  e t c . 
2� ON X GOTO 1 eg , 2�f , 3ff 
w i l l t rans fe r  to s tatemen t 3�� 
GOSUB Go to sub rout i ne spec i f i ed by the s ta temen t n umbe r .  
Examp l e :  l f' GOS UB 4f0 
RETURN Ret u rn from a s ub rout i ne .  Cont ro l  i s passed t o  t h e  s t atemen t 
immed i a te l y  fo l l <Mi ng the a sso c i a ted GOS U B .  
DEF A l l ows def i n i t i on of non-s tandard f unct i ons . The name of the f un ct i on 
mus t be t h ree l e t ters , s t ar t i ng wi th FN . 
Examp l e :  1 �  DEF FNA (X)aX*S 
2(1 LET A•FNA(2") 
wi 1 1  se t A equa 1 to 1 tH9 .  
TAB Spe c i f i es tabu l a t i ng I n fo rma t i on. (PR I NT s ta temen t on l y . )  
Examp l e :  1 �  PR I NT TAB ( 1 7) ; 1  
w i l l  ca use t he te l etype t o  move t o  co l umn 1 7  be fore p r i n t i ng the va l ue 
of I .  TAB may con t a i n  a ny fonnu l a as i ts a rgument . 
END Ends the prog ram. E ND may a pp e a r  a nywhere i n  t he prog ram a nd as many 
t i mes as "the use r w 1 s hes . END causes t h e  word ,  " *READY" to be p r i n ted 
on the te l e type . 
STOP Same as ENO , excep t t ha t  t he t e l e type pr i n ts ,  "STOP AT XXXX11 whe re XXXX 
· i s the s t a t emen t number of the STOP s tatemen t .  
RANDOM . Rese ts t he ran dan numbe r sequence for the RND funct I on .  
RESTORE Res e ts t he DATA s tatemen t po i n ter t o  t he f i rs t  DATA s tatemen t .  
OPEN F I LE Opens the s pec i f i e d  d i s k  f i l e  fo r I np u t  a nd/or outpu t of d a ta . The 
val ue gi ve n  i n  t he one a rgumen t is t he c ha nne l n umbe r tha t I s  t o  be 
assoc i ated wi th �ha t f i l e . 
Exampl e :  H I  OPEN F I L E [(I] , 1 1F I LE1 1 1  
READ F I L E  Reads da t a  from t he f i l e assoc i a t ed w i th  the channe l m1nbe r g i ven 
i n  the f i r s t  argumen t .  The s e cond a r gumen t  s pec i f i es t he record 
numbe r for a ra ndom f t  l e .  Records a re 6.4 wo rds l ong ( 1 28 by tes ) , 
and are n umbe red beg i n n i ng a t  1 .  Any f i l e  may be t reated as random 
or seq ue n t i a l . Ca re mu st be taken to read n umer i �  a n d  s t r i n g data 
i n the same orde r i n  wh i ch i t  w a s  wr i t ten . 
Examp l e :  1 �  READ F I LE [g] ,A$ , B$ [ 2 ,2] , E  
WR ITE F I L E Wr i tes dat a  t rom t he f i l e  assoc i a ted wi th the cha n ne l n umbe r g i ven 
i n  the f i rs t  argumen t .  The second a rgument spec i f i es the reco rd 
numbe r fo r a random f i l e .  Records a re a s  des c r i bed above. (Both 
READ F I L E  and WR I TE F I L E a 1 1 <M  t he absence of a data l i s t . S uch a 
s tatemen t i s  t reated as a S E EK fun ct i on} . Nume r i c data r equ i res 4 � 
byt es , an d s t r i ng d a t a  req u i res 1 eng th+1 bytes . ......_.. 
Examp l e :  1 0  WR I T E  F I LE [ 2 , 5] , A , B9 , R [ 1 , C-fi] , Z$ 
CLOSE FILE Closes a specified I / O  channel. 
CHAIN 
SIZE 
RUN 
NEW 
LIST 
PUNCH 
Example : 10 CLOSE FILE [0 ] 
Loads the specified p rogram and trans fers control to it . 
Example : 10 CHAIN PROGZ 
SUMMARY OF BASIC COMMANDS 
Print s the number of words in the user ' s  program and the numb er of 
words allocated to the user . 
Causes execution of the program ,  be ginning at the s tatement number 
speci fied . If no number is given , the lowest numbered statement is 
used . 
Example : 100 RUN 
s tarts execution at s tatement 100 . 
I f  a disk file name follows the RUN command the speci fied program 
will first b e  loaded and the program executed at the lowest s tatement 
number . 
I Causes the user ' s  program area to be cleared , in preparat ion for a 
new program. 
Prints a lis t of s tatements in the p rogram in o rder of stat ement 
numbers . List ing commences with the statemeJt numb er given . If no 
number is given , l is t ing commences with the lowes t  numb ered s tatement . 
If a disk file name fol lows the LIST command the listing will be 
s ent to the speci f ied disk file inst ead o f  the terminal . 
Causes leader (rub-out charac ters) to b e  s ent to the teletype , then 
does a LI ST , then s ends trailer . A line number may be specified as 
in LIST . 
RENUMB Causes the us er ' s  program t o  be renumb ered using the increment sup­
plied in the first argument and b eginning with the statement number 
supplied in the second argument . 
Example : 5 RENUMB 10 I will renumber the p rogram in s tep s of 5 beginning with 10 . 
TIME Prints the numb er o f  computer s econds that the user has used during 
this session .  
BYE Signs the user off the sys tem .  The number of computer seconds used 
is printed on the TTY . 
TAPE Reads a p rogram f rom the paper tape reader . 
DIREC Lists the user ' s  disk file directory . 
LOAD Loads a program f rom the specif ied disk f i lel , after clearing core. 
Examp le : LOAD GOLF 
will look for the f i le named GOLF in the uslr ' s  d irectory , if not 
found , the pub l ic directory will b e  searched! • .  When found , the 
program will be entered into the user ' s  area. 
l 
...., 
PUBLIC Same as LIST , excep t  that the p rogram will be saved into a public 
file with the given name . 
HALF Informs the computer that the us er ' s  terminal is a half-duplex 
t erminal , thus causing the computer not to echo characters as they 
are typed . 
FULL Informs the computer that the us er ' s  terminal is full-dup lex . 
Characters will be echoed as they are typed . 
LINES Causes l i s t ing o f  all users p resently on the ti.me-shared sys tem 
and the ports used by each . 
APPEND This conunand functions exact ly as the LOAD command except that NO 
implied "New" command is performed. 
CONT Thi s  command can b e  used t o  restart a b as i c  p rogram a f t er interrup­
t ion (usually by the es cape key) . 
ERROR This command causes a des crip t ion of an ERROR message t o  be printed 
on the user ' s  terminal . 
F$ample : ERROR 5 
will type the descript ion of ERR 5.  
LENGTH Th i s  command causes the number of bytes and sectors needed t o  s tore 
the pro gram on disk to be typed . 
LIB This causes a listing of all p rograms on the public directory to 
be typed . 
LOG This causes a l ine of charact ers to be written on the accounting 
log file . 
NULLS 
Example : LOG THIS TERMINAL IS NOT �ORK.ING ! 
This command forces a delay for the carriage return mechanism which 
is neces s ary for high sp eed devices . 
Example : 4 NULLS 
SAVE This causes the program in core to be s aved in BINARY . This command 
is faster and requires less disk space than the corresponding list 
command b ut this connnand can not b e  appended to another progr am .  
CTRL A Press ing the CTRL key and A a t  the same time erases the last charac­
t er typed . A back arrow is printed . 
CTRL X Press ing the CTRL key and X at the same t ime eras es the last line 
typed . A back s lash is print ed .  
MATRICES 
A connnon and convenient interpretat ion of doubly subs crip ted arrays is as 
matrices . There is a special set of 13 ins tructions for such computations . 
MAT READ A , B , C  Read the three matrices (dimensions previous ly specif ied) . 
Data is stored in the mat rix row by row . 
MAT INPUT A Read the p reviously dimensi.oned MATRIX f rom the terminal . 
MAT C=ZER 
MAT C=CON 
MAT C=IDN 
Fill out C with zeros . 
Fill out C with ones . 
Set up C as an identity mat rix .  
zeros elsewhere . )  
(All ones down the diagonal , -) 
MAT PRINT A, B , C  Print the three matrices , with A and . C  in the regular format 
but B closely packed . - . 
j I MAT B=A 
MAT C=A+B 
MAT C=A-B 
MAT C=A*B 
MAT C=TRN (A) 
MAT C= (K) *A 
MAT C==INV (A) 
Set the matrix B equal to the matrix A .  
Add the two matrices A and B and as s ign the value t o  C .  
I _,) I 
Subtract the matrix B from the mat rix A and ass ign the value 1 
to C .  
Multip ly the matrix A by the matrix B and assign the value 
to C .  
Transpose the matrix A and ass ign the value t o  C .  
Multiply the matrix A ,  by K .  K ,  which mus t  b e  in parentheses 1 1  
may be a formula .  As sign the value to C .  
Invert the matrix A and assign the value to C .  
--, 
! 
-I 
J 
SUMMARY 0 F I O OOS BAS I C 
BAS I C i s  an eas i l y - l e a r ned , genera l p u r pose p rog ramm i n g  l anguage t ha t  
uses s t a temen t s  c l os e l y  res emb l I ng s i mp l e  Eng l i sh a n d  a l geb ra . I f  you have 
neve r prog rammed be fo re ,  you can l e a rn to wr i te s i mp l e  BAS I C  p rog rams i n  a n  
hou r  o r  so , a n d  w i th mo re expe r i e n ce ca n l ea rn to w r i te q u i te comp l ex p rog rams . 
BAS I C i s  used i n  s choo l s ,  b u s i ness a nd i n dus t ry a s  a too l for gene ra l 
p rob l em so l v i ng .  I t  i s  a l so a n i dea l l anguage t o  l ea rn a s  an i n t roduc t i on t o  
computers . 
Wh i l e. i t  i s  ve r y  s i mp l e ,  BAS I C i s  a l so q u i te powe rfu l . Even w i th n o  
knowl edge of prog ramm i n g a t  a l l  you c a n  u s e  BAS I C  to pe r fo rm u s ef u l c a l cu l a­
t i ons . I n  i ts CAL CULATOR mode , Da t a  Genera l ' s ve rs i o n . of BAS I C  i nc l udes a 
sub-set of BAS I C comma nds wh i ch can be executed i n d i  v i  d ua 1 ly wi tho u t  be i ng 
i nco rporated i n to a prog ram . The mos t use fu l i s  P R I NT. I t pe rmi ts t he term­
i n a l  to be used a s  a powe r fu l d es k c a l cu l ato r .  You type P R UIT fol l owe d  by any 
expres s i on .  Upon h i t t i ng c a r r i age r e t u rn , the sys tem i nmed i a te l y  compu tes an d 
pr i n t s  the answe r .  
A l l of the ope ra t i ons a n d  f u nc t i ons def i ned by BAS I C can b e  use d  wi t h  t he 
PR I NT command .  These a re :  
+ 
* 
I 
t 
< 
> 
< •  
> =  
<> 
AN D  
OR 
M l  ti 
MAX 
S I N (X )  
COS ( X )  
TAN ( X )  
LOG ( X )  
ABS ( X )  . 
ATN ( X)  
EXP ( X )  
SQR ( X )  
I NT ( X )  
RN D (X )  
SGN ( X )  
Add i t i on 
S ub t rac t i on 
Mu l t i p l i c a t i on 
D i v  i s  i on 
Exponen t i a t i on 
Log i ca 1 1 es s tha n 
Log i ca l g re a t e r  than 
Log i ca 1 eq ua 1 
Log i ca l  l es s  than or eq ua l 
Log i ca l  g rea ter than o r  equa l 
Log i ca l  not eq u a l  
Log i c a  1 an d 
Log i ca l  o r  ( i nc l us i ve) 
M i n i mum f u n ct i o n  
Max i mum fun c t i on 
S i ne o f  X ( X  i n rad i ans ) 
Cos i ne of X ( X  i n  r ad i a ns )  
Tangen t of X ( X  i n  rad i a ns ) 
Nat ura l l oga r i thm of X 
Abso l ut e  va l ue o f  X 
Arc t angen t of X ( ra nge -p i /2 •ATN ( X )  •p i /2) 
Exponen t i a l  of X 
Squ a re root o f  X 
i n tege r f u n c t i on of X 
Random n umb e r , range g to 1 
I ndi ca tes a l geb ra i c  s i gn o f  X 
A l l of these ope ra t i o ns a n d  f u n ct i ons can a l so b e  u se d , o f  cou rse , i n  
any l ega l s t a temen t i n  a BAS I C p rog ram . 
Be l ow  a re some examp l es o f  ca l cu l at i ons t ha t  can be made w i th the P R I NT 
s ta t eme n t  when BAS I C i s  used I n  the ca l cu l a t o r  mode ( ; can be used l i ke P R I NT) . 
PR I NT SQR ( 1 6 )  4 
PR I NT S I N ( 3 . 1 4 1 59/2 ) .999999 
PR I NT SQR ( 3 . 1 4 1 5926) 1 . 7724� 
PR I NT ATN (S I N ( COS (SQR ( S . 976) ) ) ) - . 696 1 37 
7 
By following the steps shown in the simple program example below , even 
with no programming experience you can construct a table of squares and cubes . 
The example is for numbers 1 through 1¢, but the same table can be con­
structed for another series of numbers by changing the FOR statement . 
1¢9J PRINT "NUMBER" , "SQUARED'' , ''·CUBED'' 
1¢5 PRINT 
1 1¢ FOR X=l TO 1¢ 
12¢ LET S=X*X 
1 3¢ PRINT X , S , X*S 
14¢ NEXT. X 
15¢ END 
RUN 
NUMBER SQUARED 
1 1 
2 4 
3 9 
4 16 
5 2 5  
6 36 
7 49 
8 64 
9 8 1  
191 1¢91 
*READY 
CUBED 
1 
8 
27 
64 
1 2 5  
216 
343 
5 1 2  
7 2 9  
1{6{691 
An example of a typical BASIC program is shown below . After the program 
has been written , when the RUN command is given the program asks for three types 
of data : interest rate , years , and principal� From this data i t calculates 
total simple interest and total principal and interest ,. 
lf'f' PRINT 
19J5 PRING " INTEREST" ; 
129J INPUT I ;  
139J IF l>= 9J GOTO 14¢ 
1391 GOTO 49Jf1 
1491 PRINT " YEARS" ; 
1691 INPUT N ;  
1 6 5  IF N>= 9J GOTO 18j1 
1791 GOTO 49J9J 
1891 PRINT " PRINCIPAL" ; 
1991 INPUT P ;  
195 IF P > =0 GOTO 2919J 
197 GOTO 491f8 
29191 PRINT 
2 291 PRINT "S IMPLE INTEREST AT " ; 1*1¢¢ ; "% FOR" ; N ; "YEARS " 
24$3 PRINT "YIELDS ON PRINCIPAL OF $ " ; P ; " ,  $ " ;  
2 6$3 PRINT P* { { l+l) +N- 1 )  
27$3 PRINT " FOR TOTAL AMOUNT OF $ "  ; P* { l+l)t N 
28$3 GOTO 19J!if 
49J9J PRINT " ERROR" 
41{6 GOTO 19JJ3 
RUN 
INTEREST? . f82 YEARs? 3¢ PRINCIPAL? 19191¢ 
SIMPLE INTEREST AT 2 %  FOR 3¢ YEARS 
YIELDS ON PRINCIPAL OF $ 1¢¢91 , $ 811 . 325 
FOR TOTAL AMOUNT OF $ 1811 . 3 3 
USE OF THE TE LE TY PE R EADE R/PUNCH 
To punch a BASIC program tape with blank leader and trailer: .  
1 .  Type the keyboard command PUNCH ( or �PUNCH). Do not pres s the 
· RETURN as yet. Press the ON button on top of the teletype punch 
unit and then press the RETURN key. After punching is complete, 
press the OFF button on the teletype punch unit. 
2 .  When removing punched tape from the teletype punch, pull the tape 
straight up to insure that arrows will be produced that show the 
beginning and end of tape. The arrows indicate the direction in 
Which the tape should be read through the paper tape reader. The 
name of the program should be written on the tape for easy identi ­
fication. 
To loadt a tape in the teletypewriter reader : 
1 .  Set the switch on the teletypewriter paper tape reader t o  the STOP 
position. Release the plastic tape guide on the tape reader and 
mount the beginning of tape ( shown by the arrow) pointing forward 
and the punched portion hanging down behind. Be sure the sprocket 
holes in the tape leader are fitted on the sprocket wheel. 
2. Close the plastic tape guide and move the switch on the reader to the 
START position. Wait Wltil the entire tape _has been read and listed 
and then move the reader switch to the FREE position and pull out the 
remaining tape. 
* On some teletypewriters the HE RE IS key may not punch blank tape. In this case, 
the user should hold down CTR L, SHIFT, REPT, and P keys simultaneously to 
punch blank tape. The REPT and P keys should be released first. 
t The NEW command clears the user' s  space of old programs and program statements. 
It is usual either to give the command at the keyboard before loading the tape or to 
have the command on the beginning of the tape , unless the user wants to use the tape 
to edit an already loaded program. 
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STATISTICAL ANALYSIS PROGRAMS 
STATfiU 
STAT,02 
STAT$63 
STAT,04 
STAT9$5 
STATjlJ6 
STAT9f7 
STATf/l9 
STATl,0 
STATll 
STAT12 
- Mean , Std .  Dev. , Var . , and " Sum of Squares" for a set of 
input data . 
- Mean , Std . Dev . , Var. , and "Sum of Squares" for a set of data . 
Input as a value , then its frequency in the data set . 
7 Finds number of points in defined ranges , plus Mean , Std. 
Dev. , Var . , "Sum of Squares" for the entire input data set . 
- Mean , Std .  Dev. , Var .  and "Sum of Squares "  for the differences 
between a set of paired input data points . 
- Various Sums and Products used in Regression and Correlation . 
Data input is X ,  Y pairs . 
Mean , Std . Dev. , Var . , " Sum of Squares" for the differences 
between a set of paired input data points plus student ' s  
t - value 
t = Mean 
std. bev. 
- Same as STAT�6 except the actual di fferences are used as the 
input values .  
- Pearson ' s  Product Moment Correlation Coefficient and Student ' s 
t-value for a given sets of X+Y data . All X ' s  input first , 
then a l l  Y ' s .  Also , obtain Mean , Std . Dev. , Var . , &" Sum of 
Square" for the difference of the paired data points . 
- Same as STAT9'8 except the Mean , Std . Dev. , Var . and "Sum o f  
Squares•' for the X data set and Y data set are also calculated . 
Different format of output printing . 
- For an input set of data points the fol iowing calculated , 
# of input data points 
Mean of sample 
Mode of sample 
Std .  Dev. of sample 
Std . Error of Mean 
Std . Error of Std . Dev. 
·Max. Value 
Min . Value 
Range of Values 
- Single Factor Analysis of Variance 
- 2-Factor Analysis of Variance .  
-
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No:p-11\'l'IVE /\NALY S IS 1rnTING SCi\LE 
l 
Co1 1v crg c n c c  S e t s 
_,,_�-----
Amp l i tude 
.C ( K )  
NPC ( R) 
1 3 B 
1 3B l 0  
s ( 8 ,  1 5!3 )  
s ( 8 , 1 5A )  
s ( 8 ,  1 5 !3 )  
Fxd <?!6 '  
Fxd 
S ( Fxd) 
( Re )  
Meil n P . E .  
2 .  5 "  . 7 "  
!\ "  1 .  7 "  
<I XO 3 . 5  
G . S :X O  4 
7 ,-• ::> . 2 3 
. 5 5 • 2. 
. G  . 2 
· conv c 1:g e n c c  F<1 c 5-l i  ty ( F e )  
9 ( !3 &0 )  
10K 
l O R 
l l K  
l l R  
l O R- 8 
l l R- 8 
ll R- lOR 
l lK- l MI{ 
GA ( 13 &0)  
K 
l 7 A  ( B &O )  
1 7 K  
l 7 R . 
1 G R- 1 3B 
l 7 R- 1 3B 
1 7 R- 1 GR 
1 7 K- 1 GK 
1 7A- 1 6A 
8 ( 1 2 )  3 
1 9  t.\. 6 
9 3 
8 2 . 2  
3 . 5  1 .  8 
9 3 
3 1 . 8  
1 2  2 . 8  
2 8  11 'l, I\ 
l3 ( 1 6 )  4 
1 9  L\ . 7 
C) Ll 
1 1  ( 1 4 )  3 
2 0  2 . 8 
1 2  2 .  9 
G · · ·· . · .. : 3 . 3  . , 2 2  : ll I) 
3 8  .: ). "\S 
.. _ 
2 3  ( 3 0 )  5 ( 6 ) 
Dev . 
� .... 
- 1  
- /  
-< /  
�. s-
� :;i... 
+ J  
- 1  
-:3. 
_..,.. � 
-J- / 
-r (_ 
-1- � 
0 
0 
- �  
T.7 
0 
-1-;2. 
Conv e r g e nc e  Re spo n s e  T i� e  ( C / M )  
\ 
1 
Score 
3 . 
f1.!p a.,.. 
3 . 
3 . 
3 . 
3__ . 
3 . 
71· 'Y . 
3 
"3 . 
3 . 
3 . :;z: .  
3 . 
3 . 
3 . 
�· 
.3 . 
3 ·  
B O  ( 8 )  2 3  5 _-3�---- -J 
B I  ( 8 )  l G  5 - 3 ) 
Asyrne t r i c  Co Qvergence ( B . M . f . ) @ 3 3cm . 
R+L; 2 , B K 4 2° . 5 0  
R+L� 2 , R  3 7 °  50 
�---�--- ---
BK - R 5 1 .  7 
Other 
O th e :r  
C - S c . 0 l 2 
freq . 0 -r-
c. x f.  0 
l: ( Sc x f )  
L ( f )  x 1 0  
0 
i\cco�nodu tivc S e t s  
Amp l i tude ( Ra )  
['·J ean P. . E .  Dev . e S c o r e  
NPA-P ( OU )  
Acc ommoda tive Pos ture ( P il )  
1 4 1\-P 
1 4 l\ l O_p 
-_1- J_ . .  3_s ___ -]��--___,.() 
+ 2 . oo . �' o --..... 1 4 D - P  , .,... .. - .t+l . 0 0 . 3 7 __Q__ o;1"J 10 l · �  .... - • .-w :. (. -4"---------- -�T 1 4 B  -P 1 . G.:l -/·.l&·� .}t::l:_:_Ci 2  . S O  - . (2... __ -__ 
s ( - l<! D )  ll -> · .\ .' , .' · ;  . n o vt;"ll- . 1 '.i ...1- o 3  .�7 . .  ' ---- - _:____/---'-'-'-"-"-'--'-- -
s ( +J. 4 B )  • . 6 0 .  .. 1 5 ------------
Dynamic Re t i n o s c o py 
ME M "  4 ( H ea rd ) _._(8 __ . l_G ____ _Q ___ _ 
ME M" 4 ( 2 0 / l 00 ) . r, 2 . 1 8 
LN . 4 - p  . D 7 . 3 7 ---------
S ( l': E l'  i )  ( 2 0  / l O O )  . rH1 , . on 
---y s ( HclY ) . 7 5 . 1 5  
---- ------� 
A c c ommoda t i ve Fa c i l i t y ( Fa )  
.. ·2 0 B - P  - 2 .  s o  . rn -f. 2.S-
• 2 0!3 0 - P  3 .  5 0  1 .  0 0  -f , 2,_£ ___ _ 
t 2 0R-P 2 . G :� 1 . 0 0 -;27 
• 2 080- 2 0 11.  . B 7 . 6 2 , /;L- __ �· -2 0 B 0 - 2 1BO G . 0 0 l. 1 2 --f . $ 0 \� 2 0R- 1 4 B  ;J . S O  1 .  U - _ 7,-.,s-,__----
' 2 JJ 3- p � .7-s" l . tn . 3 7 :::d._;l_ a: 
, 2 180 -P ;--·Sti°: .l :7S--� . J --7- . 5 0 �-� . ;7 3 , 
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• 2 1 R- 2 0  R s . 2 s 1 . 1 2 - s·o "' 
"' 2 1 R- 1 4 B  
• 1 9 -P 
• 5 - 4  
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---- -
1 . 00 
1) . 2 5  
1 . 1 2  
. 3 5  
. 3 7  0 
1 .  2 ') - ?.. S-
. 3 7 + .}__;.L 
. 15 
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NO RHl\'l'lVE l\Ni\LY S I S H1\THlG S C i\LE 
:onv er.9.c nc c S e t s 
• 
\rnp l i tude ( Re )  
M e a n  P . E .  Dev . S c o r e  
NPC ( K )  
NPC ( R )  
2 .  5 "  
4 "  
7 "  
1 .  7 "  
onv er g e n c e  P o s tur e ( P c )  
-o . s XO l .  7 
1 3 8 1  4 :-:o 3 . 5  
3B O 
----
G . 5  X O  4 
( 8 , DB )  . 7 s . 2 3  
s ( 8 ,  l Si\ )  . S S . /. - ( 8  I l SB )  . G . 2 
xd 
Fxd 
c ( Fxd) '.? ;5-;1 
."5(%", 15'A) ::: c·s-- ( r r) ·'-(- ))� , , 
�onve rg enc c fac�lity  Fe)  
<;} ( I3 &0 )  8 ( ),.  2 )  J 
OK 1 9  • l . 5 
._O R  9 3 
l l K  8 2 . 2 
lR 3 . 5  1 .  8 
O R-8 9 3 
l lR- 8 3 1 . 8 
- lR-lOR 1 2  2 . 8  
lK-lOk 2 8  •1 
lGA ( B &O) p, ( l G )  4 
1 . GK · 1 9  01 . 7 
. G I\ ') ij 
i 7 1\ ( B &O)  1 1  ( l tl ) 3 
1 7 K 2 0  2 . 8 
7 R  1 2  2 . 9  
_ G R- 1 3B 1 1  ·1 
l 7 R- 1 3B 8 J . 3  
. 7 R- 1 6R 2 2  4 
. 7 K - 1 6K 3 8  s 
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.-+L7 2 , B K 4 2 ° 5 0 
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Other 
- ::her  
C - S c . 0 1 
____ ,,-... ,--1 f 1: e q . I 
:::.. x f .  0 
l.: ( S c  x f )  
e r = l.: ( f )  
2 
x 1 0  = 
Amp l i t u d e  ( P..:i )  
M e a n  P . E .  S.I"') ' . c  Dev . 
NPA-P ( OU )  
i\ccorr.mocla tive Pos ture ( P c:i. )  
1 4 7\-P f('A} l lt'o +l .  2 S  . 3 7  • ZS-
l4l\lO_l) F(1't') J " o  �:L 00-=-.-�;-g ___ _ _ 
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